N83447.AR.000062
NAS FORT WORTH
5090.3a

DRAFT REMEDIAL INVESTIGATION FOR FLIGHT LINE AREA NAS FORT WORTH TX
5/1/1991
RADIAN CORPORATION




File: 17G
ALF.

"3 0

NAVAL AIR STATION
FORT WORTH JRB
CARSWELL FIELD

TEXAS

ADMINISTRATIVE RECORD
COVER SHEET

AR File Number ﬁ




RCN: 227-005-04
DCN: 91-227-005-04-07

INSTALLATION RESTORATION

STAGE 2

CARSWELL AFB, TEXAS

RADIAN CORPORATION

8501 MO-PAC BOULEVARD

P. O. BOX 201088

AUSTIN, TEXAS 78720-1088

DRAFT REPORT - MAY 1991

REMEDIAL INVESTIGATION REPORT
FOR THE FLIGHTLINE AREA

PREPARED FOR

HEADQUARTERS STRATEGIC AIR COMMAND
(HQ SAC/DE)
OFFUTT AIR FORCE BASE, NEBRASKA 68113-5001

UNITED STATES AIR FORCE

HUMAN SYSTEMS DIVISION (AFSC)

IRP PROGRAM OFFICE (HSD/YAQ)

BROOKS AIR FORCE BASE, TEXAS 78235-5501

PROGRAM (IRP)




CORPORATION ’?:3 :3

8501 Mo-Pac Blvd.
PO. Box 201088
Austin, TX 78720-1088
{512)454-4797

REMEDIAL INVESTIGATION
FOR THE FLIGHTLINE AREA

DRAFT REPORT
FOR
CARSWELL AIR FORCE BASE, TEXAS

HEADQUARTERS, STRATEGIC AIR COMMAND
(HQ SAC/DE)
OFFUTT AIR FORCE BASE, NEBRASKA 68113-5001

MAY 1991

PREPARED BY

RADIAN CORPORATION
P. 0. BOX 201088
8501 MO-PAC BOULEVARD
AUSTIN, TEXAS 78720-1088

USAF CONTRACT NO. F33615-87-D-4023, DELIVERY ORDER NO. 0004, MODIFICATION 0005
CONTRACTOR CONTRACT NO. 227-005-04, DCN 91-227-005-04-07

IRP TECHNICAL OPERATIONS BRANCH (HSD/YAQE)
KARL RATZILAFF
TECHNICAL PROJECT MANAGER

HUMAN SYSTEMS DIVISION (AFSC)
IRP PROGRAM OFFICE (HSD/YAQ)
BROOKS AIR FORCE BASE, TEXAS 78235-5501



r;_l 3
PREFACE

Radian Corporation is the contractor for the Installation Restora-
tion Program (IRP) Phase 1I, Stage 2 investigation at Carswell AFB, Texas.
The work was performed under USAF Contract No. F33615-87-D-4023, Delivery
Order 0004, in two separate efforts; the first in 1987-88, and the second in
1990.

A hydrogeological investigation was conducted at several landfills,
fire department training areas, and fuels handling areas to further assess and
define the extent of contamination confirmed in the Stage 1 investigation at
Carswell AFB. Soil gas surveys were conducted in 1988 at two locations to
determine the extent of petroleum hydrocarbon vapors. Ground-water monitor
wells were installed in alluvial materials to further define the limits of
ground-water contamination. Soil samples were collected during drilling
operations and with hand augers at selected sites and analyzed for a broad
range of parameters in the initial Stage 2 effort. Water samples collected
from the wells and several surface water bodies were analyzed for a wide
spectrum of total metals, inorganic compounds, and organic compounds.
Dissolved metals concentrations were analyzed only in the samples collected in
1990. A pumping test of the Upper Zone Aquifer was also performed in the
Flightline Area in 1990. A baseline risk assessment, incorporating all
analytical data, was performed, and remedial action alternatives were identi-
fied and evaluated for the Flightline Area and four sites in the East Area of
the base (Sites LFO1l, SD13, ST14, and BSS) in the Feasibility Study.

Key Radian project personnel were:

Nelson H. Lund IRP Contract Manager

William L. Boettner IRP Program Manager

Lawrence N. French Project Director/Delivery Order Manager
(1987-88)

Debra L. Richmann Project Director (1990)

Guy J. Childs Supervising Geologist (1987-1988)

Stephen E. Fain Supervising Geologist (1990)

Scott B. Blount Supervising Geologist (1990)

Sandra A. Smith Risk Assessment Task Leader

Kathleen A. Alsup Remedial Alternatives Task Leader

Jeffery P. Young Flightline Area FS Task Leader

Gary S. Shaw East Area FS Task Leader

Gary L. Patton Database Management and QA/QC Task Leader
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Greg A. Hamer Senior Technical Reviewers
James H. Clary

James L. Machin

Leo M. Dielmann

Radian would like to acknowledge the cooperation of the Carswell AFB
Civil Engineering Staff. 1In particular, Radian acknowledges the assistance of
Mr. Frank Grey, Mr. Raj Sheth, and Sgt. Stanley Reinhartz.

The work reported herein was accomplished between December 1987 and
July 1990. Mr. Karl W. Ratzlaff, IRP Technical Operations Branch, Human
Services Division (AFSC) IRP Program Office (HSD/YAQ), was the Technical
Project Manager.

Approved:
Nelson H. Lund, P.E.
Contract Manager
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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the
U.S. Air Force Installation Restoration Program (IRP) to characterize environ-
mental contamination present in the Flightline Area of Carswell AFB, Texas;
the existence of which was documented in preceding IRP studies. The affected
environmental media include soil, surface water, and ground water present in
the surficial alluvial aquifer (Upper Zone). The main contaminants are
volatile organic compounds (principally trichloroethene (TCE)) associated with
waste chlorinated solvents. The RI was conducted in stages from 1988 to 1991.
Radian also performed the earlier IRP Phase II Stage 1 investigation (1986);
the IRP Phase I Records Search was performed by CH2M Hill (1984).

The most recent field and analytical effort was conducted in 1990
to provide additional information necessary to support a Feasibility Study
(FS) of remedial alternatives applicable to the Flightline Area. The 1990

effort was limited to further characterization of four of the Flightline Area

IRP sites:

. Site LFO4 - Landfill 4;
. Site LFO5 - Landfill 5;
. Site WP0O7 - Waste Burial Area; and
. Site FTO09

Fire Department Training Area 2.

The locations of these, and other Flightline Area IRP sites that are addressed

in separate project reports and documents, are shown in Figure ES-1.

Four major tasks were accomplished to address the existing data

gaps:

. Drilling and logging of 29 soil borings to identify the dis-
tribution of paleochannel deposits, suspected as preferential
pathways for migration of contaminants in Upper Zone ground

water;

ES-1
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. Installation of 10 additional monitor wells, screened to the
base of the Upper Zone Aquifer to provide additional infor-
mation on the areal and vertical extent of ground-water con-

tamination and possible existence of DNAPL;

. Ground-water and surface water sampling, analysis and static

water level measurement; and

. Aquifer testing to determine Upper Zone hydraulic properties

in the Flightline Area.

Based on all available data, ground-water contamination appears to
be limited to the shallowest water-bearing zone, known as the Upper Zone
Aquifer. 1In the Flightline Area, as well as across Carswell AFB and the
adjoining area of Air Force (AF) Plant 4, the Upper Zone consists of uncon-
solidated Quaternary and Recent alluvial deposits (sand, gravel, silt and
clay) that contain ground water under unconfined conditions. The Upper Zone
deposits in the Flightline Area vary from approximately 5 to 49 feet thick,
and are underlain by low permeability limestones and shales of the Cretaceous
Goodland and Walnut Formations which form a basal aquiclude. Ground water in
the Upper Zone Aquifer is encountered at depths ranging from approximately 4
to 30 feet below ground level (bgl) and ground-water flow in the Flightline
Area is generally toward Farmers Branch. A series of hydrogeologic cross-
sections through the Flightline Area was prepared from boring logs and
synoptic water level measurements. They are included in Section 3 of this

report to illustrate the local subsurface conditions.

The main surface water bodies located in the Flightliné Area are
Farmers Branch, an unnamed tributary that flows into Farmers Branch, and two
small ponds on the base golf course. Farmers Branch eventually discharges to
the Trinity River, which is located along the eastern boundary of Carswell
AFB. The Upper Zone ground water and surface water bodies in the Flightline
Area are hydraulically related, with ground water discharging to surface

water.

ES-3
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Trichloroethene (TCE), vinyl chloride, tetrachloroethene (PCE), and
the cis- and trans- isomers of 1,2-dichloroethene (1,2-DCE) are the main
contaminants detected in the ground water and surface water in the Flightline
Area. Based on the concentrations and distribution of these compounds in
ground water, most recently determined in the 1990 sampling and analysis
program, the four former waste disposal areas (Sites LFO04, LF05, WPO7, and
FT09) appear to be sources for some of the ground-water contaminants detected
downgradient of the sites. However, all of these compounds were also detected
in samples from monitor wells located hydraulically upgradient of all Carswell
AFB IRP sites in the Flightline Area, indicating that additional off-base
sources must also be contributing to the existing Upper Zone ground-water
contamination. The occurrence of volatile organic contaminants in the Upper
Zone ground water on the AF Plant 4 property, upgradient of the Flightline
Area, has been documented (Hargis and Associates, 1989). The source(s) of the
contamination on AF Plant 4 have thus far not been identified. However, it is
likely that they are also the source(s) for the contamination detected in the
upgradient Flightline Area wells, and are contributing some component to the

contaminant plumes that exist downgradient of the Flightline Area IRP sites.

In conjunction with lithologic logs obtained in previous drilling
efforts, logs from the new soil borings were used to delineate the thick
accumulations of sand and gravel deposited in paleochannels eroded into the
surface of the underlying bedrock. Figure ES-2 is the resulting sand and
gravel isopach map of the Flightline Area. The areas of thickest sediment
correspond well with the highest concentrations of TCE determined in 1988,
suggesting that TCE (and other ground-water contaminants) may be prefer-
entially migrating along these relatively permeable deposits in the Upper
Zone. The locations of existing Carswell AFB monitor wells and wells
installed in the Flightline Area by Hargis and Associates for AF Plant 4 were
reviewed to determine the optimum locations for the new wells installed in
1990. Locations were selected to assess the preferential pathway hypothesis,

as well as to better determine the areal extent of contamination, and the

ES-4
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degree of continuity of the on-site contaminant plume with documented ground-
water contamination present upgradient on the adjacent AF Plant 4 property.
The latter objective could not be achieved because no AF Plant 4 wells were

sampled concurrently with the Carswell AFB Flightline Area wells.

The monitor wells installed in 1990 were completed to intercept the
base of the Upper Zone Aquifer to determine if dense non-aqueous phase liquid

contaminant (DNAPL) is present in the Flightline Area. None was detected.

The results of the 1990 sampling and analytical effort confirmed
that migration of the volatile organic contaminant plumes in the Upper Zone
ground water does occur preferentially within the eroded bedrock paleochan-
nels. A secondary component of movement is in the direction of ground-water
flow, generally toward Farmers Branch. The maximum downgradient limit of
vinyl chloride contamination was defined by the existing well network, which
was also adequate to identify multiple sporadic occurrences of PCE. However,
the areal extent of TCE and total 1,2-DCE in ground water was not determined.
Samples from monitor wells located along the downgradient limit of the well
network contained concentrations from 1300 to 2700 ug/L, and 280 to 540 ug/L,

respectively.

In contrast to findings and interpretations from previous inves-
tigations, the ground-water and surface water analytical results for samples
collected in 1990 provide little evidence of a metals contamination problem.
No metals were detected in concentrations above MCLs in any samples analyzed
for dissolved metals and there is no apparent pattern to the few detected con-
centrations above MCLs in the total metals analyses. In previous sampling

events, only the total metals fractions were analyzed.

A pumping well and observation well for evaluation of Upper Zone
Aquifer properties were installed just north of the northeast corner of
Landfill 4, near the axis of a major paleochannel. The observation well was
located approximately 50 feet north of the pumping well. Seven additional
monitor wells were included in the observation well network, but the measured

water levels showed no response to pumping after 20 hours of pumping at the
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optimum rate determined in the preceding step test (approximately 20 gal-
lons/minute). Data from the pumping test and subsequent recovery test were
analyzed using the Cooper-Jacob method, and the computer Well Hydraulics
Interpretation Program (WHIP™). The resulting calculated aquifer properties
of transmissivity, hydraulic conductivity, and storage coefficient are
summarized in Table ES-1. The values all fall within the range expected for

clean sands and gravels (Freeze and Cherry, 1979).

Upper Zone ground water in the Flightline Area was determined to
discharge to surface water, based on synoptic water level measurements in the
monitor wells and at a staff gauge in Farmers Branch. This interpretation is
supported by the similarity in ground-water and surface water contaminant
distributions and concentrations in samples collected in 1990. The chemistry
of surface water in the unnamed tributary to Farmers Branch suggests the water
is virtually equivalent to the ground-water plume composition at the sample
collection point. Volatile organic contaminants, most notably TCE, in
concentrations above MCLs were detected in samples collected from both the
upgradient and farthest downgradient sampling points on Farmers Branch,
suggesting contributions from off-base sources, as well as the potential for
off-base migration of contaminants. Estimated concentrations of TCE and total
1,2-DCE leaving the Flightline Area via Farmers Branch are 45 pug/L and 8.4
pg/L, respectively.

A baseline risk assessment, incorporating the 1990 analytical
results, was performed for the Flightline Area. Site FT09 (Fire Department
Training Area 2) was not included in the risk assessment because a remedial
action has been selected for this site. The remedial design includes tech-
nologies that eliminate the potential for continuing releases from the site.
Indicator chemicals, contaminant release, transport and fate mechanisms, and
potential receptors and exposure pathways, specific to the Flightline Area
were identified and evaluated. The Flightline Area was determined to pose no
significant human health threat, based on evaluation of carcinogenic and
noncarcinogenic (chronic) risks. Environmental (terrestrial wildlife and

aquatic organisms) risks were determined to be minimal.
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Using all available information generated in the IRP, the Flight-
line Area (combined Sites LF04, LF05, WP07 and FT09) was evaluated using the
Defense Priority Model (DPM). The Flightline Area received a total score of
19,381 and ranked second among the five Carswell AFB IRP sites/areas evaluated
with the model. While the Flightline Area contamination poses no immediate
human health threat, remedial action is indicated to prevent continuing
contaminant release and migration. Recommendations for addressing remaining
data needs for design and implementation of a remedial action are provided in
Section 7. It is anticipated that all of the required data can be obtained
within the detailed design phase of the selected remedial action, and no

additional separate remedial investigation effort is proposed.
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1.0 INTRODUCTION

1.1 Purpose of Study

The purpose of this study is to provide a sufficiently detailed
description of existing environmental conditions in the Flightline Area (Sites
LFO4, LFOS5, WPO7, and FT09) of Carswell AFB, Texas such that the impacts of
documented ground-water contamination beneath the base can be determined and a

remedial action can be designed and implemented.

Previous IRP studies documented soil and ground-water con-
tamination, especially with trichloroethene (TCE) and chromium (Cr), in the
Flightline Area. Previous investigations detected contamination of soils and
ground water only in the "Upper Zone," a term used to describe the surface
deposits of alluvium and fill in the Flightline Area (Hargis and Montgomery,
Inc., 1983). However, the complete areal and vertical extent of the con-

taminant plume(s) were not defined.

Previously available evidence suggested multiple sources of the
contamination, including source(s) located upgradient of all potential sources
in the Flightline Area of the base. The monitoring network existing at that
time was insufficient to identify and determine the relative contributions
from these other sources. This report, based on additional IRP RI/FS Stage 2
field and analytical efforts performed between 5 March and 22 June 1990,
addresses these data gaps and presents a summary of the current understanding
of the hydrogeologic setting and Upper Zone ground-water characteristics of

the Flightline Area.

Four major field tasks were designed to address existing data
gaps. Soil borings were drilled and sampled to better define the distribution
of basal gravels deposited in ancient river channels (paleochannels) which
might serve as preferential pathways for contaminant migration. Monitor wells
were installed to provide additional sampling sites to better characterize the
vertical and lateral extent of ground-water contamination and potential or

existing contamination sources. A comprehensive sampling of all Upper Zone
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wells and numerous surface water sites was conducted to determine the nature
and extent of contamination present. Finally, aquifer testing was performed
to define the hydraulic conditions in the Flightline Area to aid in a more

accurate characterization of contaminant transport.

1.2 Site Description

Carswell AFB is located six miles west of the center of Fort Worth
in Tarrant County, Texas (Figure 1-1). The focus of this investigation is on
an area near the southern end of the flightline at Carswell AFB, hence the

name "Flightline Area" is used to describe the location of the study area.

The Flightline Area includes six discrete sites that were iden-
tified as potential sources of contaminants in previous IRP studies (Figure

1-2). They are:

. LFO3 - Landfill 3;
. LFO4 - Landfill 4;
. LFO5 - Landfill 5;

. WPO7 - Waste Burial Area;
. FTO8 - Fire Department Training Area 1; and
. FT09 - Fire Department Training Area 2.

Data obtained in the earlier IRP investigations provided no evi-
dence that Sites LFO3 and FTO8 have released hazardous waste or waste con-
stituents to the environment. Therefore, it was concluded that they do not
pose an environmental or human health risk (Radian, 1989) and a Decision
Summary Technical Document to Support No Further Action was prepared for each
site (1990a,b). The monitor wells installed at Site FTO8 were, however,
included in this most recent Stage 2 ground-water sampling effort because it
is likely that they are intercepting ground water that has been contaminated
by one or more upgradient, potentially off-base sources. In the following

subsections, Sites LF04, LFO5, WPO7 and FT09 are described in terms of their
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physical features, historical uses, and the significant hydrogeologic findings
from previous investigations performed in the Flightline Area. Historical
descriptions of these sites and the wastes disposed of in each are taken from

the Phase I Records Search (CH2M Hill, 1984).

1.2.1 Site LFO4 - Landfill 4

Landfill 4 includes approximately 10 acres of land located east of
the south end of Taxiway 197. It was the main landfill during much of the
history of Carswell AFB. While in active use, at least six large pits,
approximately 12 feet deep, were filled with refuse which was burned and
buried. Various potentially hazardous wastes were reported disposed of at
this site, including drums of waste liquids, partially full paint cans, and

cadmium batteries.

1.2.2 Site LFO5 - Landfill 5

Landfill 5 is located northwest of Landfill 4, adjacent to a small
tributary to Farmers Branch. The landfill was constructed by building a clay
berm along the creek and filling the area behind the berm up to the existing
level. The landfill received all types of flightline wastes and refuse.
Flightline wastes typically include such substances as oils, thinners,
strippers, and paints. Waste materials in the landfill were burned regularly

and buried.

1.2.3 Site WPO7 - Waste Burial Area

Site WPO7 is located adjacent to and north of White Settlement Road
where it comes to a dead end at the taxiway. The area was used for burial of
wastes during the 1960s. Various types of hazardous wastes, including drums
of cleaning solvents, leaded sludge, and possibly ordnance were reportedly

disposed of at this site.
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1.2.4 Site FT09 - Fire Department Training Area 2

Site FT09 is located between Taxiway 197 and the radar facility.
This site, with only slight modifications, has been used for fire department
training exercises since 1963. The fire pit is lined with gravel and is
enclosed by a low earthen berm. In the past, a second pit was present at the

site to collect run-off from the training exercises, but it no longer exists.

1.3 Summary of Previous Flightline Area Investigations

The Flightline Area has been the subject of field investigations
performed during two separate Stages of the IRP Phase II; the Stage 1 Prelimi-
nary Assessment (PA) and Stage 2 Site Inspection (SI). The Phase II Stage 1
investigation (Radian, 1986) documented contamination of shallow ground water
and soils in the Flightline Area. The initial Phase II Stage 2 investigative
activities helped define contaminants in the Flightline Area, both quali-
tatively and quantitatively. Radian conducted a second episode of field
activities during the Phase II Stage 2 investigation (Radian, 1990c) to fill
data gaps remaining after the initial Phase II Stage 2 effort (Radian, 1989).

Most notably, these characterization efforts included:

. Source definition;

. Determination of surface water - ground water relationships;

. Definition of vertical and lateral extent of contamination;
and

. Estimation of Upper Zone Aquifer hydraulic properties.

With information obtained from the additional Phase II Stage 2 activities,
more complete characterization of contaminant source(s), surface water,

geology, and ground water in the Flightline Area was achieved.
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The following paragraphs summarize the activities performed
throughout the Phase II IRP to characterize the contaminant sources and
environmental media of concern in the Flightline Area at Carswell AFB. All
field and analytical data from these investigations are contained in the
various reports, including the Phase I investigation (CH2M Hill, 1984), the
Phase II Stage 1 investigation (Radian, 1986), and the previous Phase II Stage
2 investigation (Radian, 1989).

1.3.1 Contaminant Source Characterization

The following activities were performed to characterize the

source(s) of contamination identified in the Flightline Area:

. Determining the locations of the IRP hazardous waste sites in

the Flightline Area;

. Delineating the lateral and vertical extent of the waste

areas; and

. Assessing the chemical and physical characteristics of wastes

disposed of in the Flightline Area IRP sites.

These activities were accomplished by completing the following

tasks:

. Reviewing the Phase I Records Search and personnel interviews;

. Performing geophysical surveys to accurately define the lat-
eral and vertical extent of the former waste disposal areas;

and

. Collecting environmental samples (soil, ground water, and
surface water) to determine the types and amounts of contamin-
ants associated with individual waste disposal units within

the Flightline Area.

1-7




W3 32

1.3.2 Surface Water Characterization

The major surface water features associated with the Flightline

Area are:

. Farmers Branch;
. An unnamed tributary that flows into Farmers Branch; and
. Two ponds located on the Carswell AFB golf course.

The following tasks were performed to characterize these surface

water features:

. Chemical analysis of surface water samples collected from
Farmers Branch, the unnamed tributary to Farmers Branch, and

the two ponds located on the golf course;

. Estimating flow volumes at several locations on Farmers Branch

and the small tributary; and
. Installing and surveying a staff gage in Farmers Branch to
help determine ground-water/surface water relationships in the

Flightline Area.

1.3.3 Geologic Characterization

The objectives of the geologic characterization activities per-

formed in the Flightline Area were to:

. Determine the location of paleochannel(s) to assist in place-

ment of Upper Zone monitor wells;

. Determine the depth to the shallow aquitard (Goodland/Walnut

Formation) in the Flightline Area;
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. Identify the thickness of the shallow aquitard under the

Flightline Area; and

. Determine the depth to the uppermost regional potable water

supply aquifer (Paluxy Aquifer) beneath the study area.

Radian accomplished these activities by completing the following

tasks:
. Borehole drilling, sampling, and lithologic logging; and
. Performance of geophysical surveys.

1.3.4 Ground-Water Characterization

Investigations of the ground water occurring under the Flightline
Area were limited to the Upper Zone and the Paluxy Aquifers. Previous
investigations focused on these two aquifers because deeper aquifers are
unlikely to be affected by downward migrating contaminants. This is due to
the several hundred-foot thick section of low permeability Glen Rose Limestone
that acts as a basal aquitard to the Paluxy Aquifer in this area. Activities
were focused on defining ground-water quality, both upgradient and down-
gradient of former waste disposal units in the Flightline Area, and on

estimating aquifer properties. Characterization efforts were directed toward:

. Determining the physical and hydraulic properties of the
aquifers;
. Identifying and quantifying the concentrations of contaminants

in ground water from the Upper Zone and Paluxy Aquifer; and

. Delineating the lateral and vertical extent of ground-water

contamination.

Radian performed the following tasks to characterize ground-water

conditions in the Flightline Area:
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. Test well installation in both the Upper Zone and Paluxy
Aquifers;

. Sampling and describing the sediments that contain the ground
water,

. Synoptic water-level surveys and potentiometric surface con-
touring;

. Performing in situ permeability tests (slug tests) and a pump

test of the Upper Zone Aquifer;

. Ground-water sampling and analysis for waste-specific in-

dicator parameters; and

. Mapping of ground-water contamination in the Flightline Area.
1.3.5 Findings of Previous Flightline Area Investigations
Geology

Based on the results of previous investigations (CH2M Hill, 1984;
Radian, 1986, 1989, 1990c), the Flightline Area of Carswell AFB is charac-
terized by surficial alluvial deposits of gravel, sand, silt and clay which
are unconformably underlain by limestone and shale bedrock of the Cretaceous
Goodland and Walnut Formations. The alluvium includes flood-plain and
fluviatile terrace deposits which together constitute the Upper Zone, as

defined by Hargis and Montgomery, Inc., 1983.

The base of the Upper Zone sediments was encountered during dril-
ling activities performed in both RI/FS Phase II Stage 1 and Stage 2. In the
Flightline Area, the Upper Zone varies from approximately 13 feet to greater
than 40 feet thick. In general, silt and clay, with variable amounts of sand
and gravel, dominate the upper five to 10 feet of the section. Below this

depth, sand and gravel occur in increasing proportions, and in general, tend
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to increase in grain size with depth. Basal gravel deposits also occur in
paleochannel features eroded into the surface of the underlying bedrock. The
gravel consists mainly of limestone and shell fragments that range in size

from fine gravel to cobbles.

The bedrock was penetrated during drilling of the Paluxy Aquifer
monitor wells in the Stage 2 study, and was encountered at the base of a
number of the Upper Zone monitor wells installed in Stage 1 and Stage 2.
Bedrock in the Flightline Area consists of interbedded fossiliferous limestone
and calcareous shale of the Goodland and the Walnut Formations. These units
are generally dry, although small amounts of water were occasionally observed

in the shale and clay units during drilling activities.

The bedrock surface is level across most of the Flightline Area
east of Taxiway 197, but rises sharply near the southwest part of Site FT09
and the southern part of Site LFO4, in the vicinity of the outcrop south of
the study area. The locally irregular topography of the bedrock surface is

typical of an erosional surface modified by fluvial processes.

Ground Water

Ground water occurs in the Upper Zone and in the Paluxy Aquifer
beneath the Flightline Area. The potentiometric surface of ground water in
the Upper Zone tends to mirror the configuration of the alluvium/bedrock
contact. The position of the water table also reflects to a lesser degree the
land surface topography. Downgradient is generally to the east toward a
tributary of Farmers Branch, parallel to the surface slope. The hydraulic
gradient is very low (on the order of 16 feet per mile) beneath most of the
Flightline Area, except in the extreme southwestern area where it is notably

steeper.

IRP Stage 1 ground-water analytical results revealed Upper Zone
contamination by several volatile organic compounds, most notably TCE at con-
centrations ranging up to approximately 5000 micrograms per liter (ug/L).

Soil samples from the Flightline Area also contained detectable concentrations
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of TCE. Most of the detected contamination was apparently centered to the
east of the Flightline Area at the golf course, but TCE concentrations up to
nearly 3300 ug/L were also detected in samples from wells located upgradient
of Landfill 5, within 900 feet of the flightline. No contaminants were

detected in the Paluxy Aquifer monitor wells.

During the Stage 2 effort, flightline monitor wells were sampled in
January-February, and again in April, 1988. The following analytes were
detected in concentrations above their respective EPA Maximum Contaminant
Levels (MCLs) in one or more samples: arsenic, barium, cadmium, chromium,
lead, selenium; and trichloroethylene, vinyl chloride, and benzene. Of the
metals detected in concentrations exceeding their MCLs, chromium was the most
widespread. However, all metals analyses were performed on unfiltered ground-
water samples, and therefore reflect total, rather than dissolved metals con-

centrations.

As determined in Stage 1, the dominant organic contaminant iden-
tified in Stage 2 Upper Zone ground-water samples was TCE. The extent of the
TCE plume in the Flightline Area was not completely defined upgradient (west)
or downgradient (north and east) of the flightline IRP sites. Based on the
generally west-to-east shallow ground-water flow direction, the existence of
TCE in samples from monitor wells located west of the IRP sites was inter-
preted as indicating one or more additional upgradient sources not related to
the sites subject to ongoing investigation. Also, TCE contamination of Upper
Zone ground water in the area east of Air Force Plant 4 (i.e., upgradient of

the Carswell AFB Flightline Area) is documented (Hargis and Associates, 1989).

Additional Stage 2 activities in the Flightline Area were recom-
mended to: 1) determine to what extent, if any, the TCE-contaminated Upper
Zone ground water east of Plant 4 and that beneath the Flightline Area
constitute a contiguous plume; 2) determine to what extent, if any, the IRP
sites on Carswell AFB are contributing to the existing Upper Zone ground-water
contamination; 3) define the maximum lateral, downgradient, and vertical
extent of the contaminant plume on Carswell AFB; and 4) define the site-

specific hydrogeological characteristics of the Upper Zone in the Flightline
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Area in sufficient detail to design and implement an appropriate remedial

action.

1.4 Report Organization

Following this Introduction, the field activities performed to
characterize the Flightline Area are described in Section 2. The techniques
and methodologies used to accomplish the field program are presented in detail
with respect to the contaminant source, surface water, geological, and ground-
water investigations that were included in the comprehensive Phase II scope of
work. Section 3 presents a detailed description of the physical environmental
setting of the Flightline Area based on interpretation of data from the
current investigation and from previous studies. The nature and extent of
surface water and ground-water contamination, determined from the most recent
round of sampling and analysis (May-June 1990) are discussed in Section 4, and
Section 5 addresses contaminant fate and transport. Section 6 summarizes the
baseline risk assessment methodology and results of the evaluation; and
presents the Defense Priority Model (DPM) ranking of the Flightline Area.
Section 7 summarizes the major findings of the RI and presents the conclusions

regarding data limitations and recommendations for additional activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Several field techniques were used to obtain information on the
environmental conditions of the Flightline Area. The following subsections
describe the techniques for drilling and soil sampling (including analytical
methods, holding times, and collection and preservation requirements), the
methods for conducting geophysical surveys, the methods and specifications for
well construction and development, the techniques for collecting water samples
(including analytical methods, holding times, and collection and preservation

requirements), aquifer test methods, and surveying requirements.

2.1 Drilling and Soil Sampling

Drilling at Carswell AFB was accomplished using a hollow-stem auger
rig for the Upper Zone monitor wells and soil borings and a rotary drilling
rig (using both mud and air) for the Paluxy monitor wells. These methods were
selected based on site-specific conditions and data requirements; i.e., the
anticipated depth of completion, the need for water-level observations during

drilling, and the expected geologic conditions.

After each borehole was completed, the drilling rig, auger flights,
and equipment were decontaminated with a high temperature, high pressure

steam-sprayer using base potable water.

Cuttings suspected of being contaminated on the basis of visual
evidence and organic vapor analyzer (OVA) or photoionization detector (HNu)
readings were placed in steel 55-gallon drums. Selected samples of cuttings

were collected and submitted for analysis of EP Toxicity.

The following paragraphs describe the drilling and soil sampling

procedures.
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2.1.1 Hollow-Stem Augering

A Mobile Drill B-61 or a CME-75 hollow-stem auger drilling rig was
used to perform shallow soil borings and installation of the Upper Zone
monitor wells. The hollow-stem auger method allows for recovery of relatively
undisturbed subsurface soil cores, determination of subsurface lithologies and
structures, and accurate identification of the position of the water table.
The boreholes were drilled dry; no drilling fluids or additives were used.
Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5-foot continuous core sampler.

The soil samples were described in terms of lithology, moisture
content and any evidence of contamination. Lithologic logs of boreholes
drilled during the most recent field activities are provided in Appendix A.
Photographs of selected soil cores showing lithologic characteristics were

also taken.

Selected samples were shipped on ice to Radian’s laboratory for
chemical analysis. Analytical parameters for soil samples are listed in Table
2-1. No soil samples were collected for chemical analysis in the most recent

Stage 2 effort.

2.1.2 Air and Mud Rotary Drilling

Air and mud rotary drilling was performed during the Phase II Stage
1 program (Radian, 1986) with a Gardner-Denver 1500 CD truck-mounted rig. A
6-inch bit was used to advance a pilot borehole through the Upper Zone
alluvial material to a depth of at least five feet into the underlying
Goodland Limestone. The borehole was then reamed to a diameter of 14 inches.
In order to seal off different water bearing zones, a 10-inch diameter steel
casing was installed to the full depth of the borehole and the annular space
was grouted. Upon achieving a positive seal, the borehole was advanced using
a 6-inch diameter bit to the final depth at the shale unit separating the

upper and lower Paluxy Formation. Bentonite drilling fluid was used while
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drilling in the Paluxy Formation owing to borehole instability during air

rotary operations.

As the borehole was advanced, the cuttings discharged at the
surface were described by lithology, moisture content (air rotary-drilled
section), evidence of contamination, and other features useful in charac-
terizing the geologic section. Drilling conditions, such as relative rate and
ease of penetration, were noted by the driller. Water encountered during
drilling was noted with respect to depth of occurrence and rate of production.
As needed, drilling was suspended temporarily to allow for recovery of water

in the borehole.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and
lateral extent of waste-disposal activities, to provide a clearer picture of
the subsurface conditions around the sites, and to investigate the potential
existence of buried objects at several locations. Most geophysical tasks were
performed during Phase II Stage 1; only a magnetometer survey of WPO7 (form-

erly Site 10) was performed during the initial Stage 2 investigation.

All survey grids were laid out using a compass and measuring chain.
Stations were marked with labelled pin flags or spray paint. The geophysical
techniques employed in the Flightline Area characterization efforts were earth
resistivity, magnetic and magnetic gradient, and fixed frequency electromag-
netic profiling (EMP) conductivity. The Earth Technology Corporation of
Golden, Colorado performed the geophysical surveys in the Flightline Area.
Following are brief descriptions of the various geophysical techniques used to

characterize the Flightline Area.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schlumberger
soundings (vertical electrical soundings - VES) at all IRP sites in the

Flightline Area. The Bison Model 2350 Earth Resistivity meter was utilized
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for the VES measurements. Current electrode separations used were (in
meters): 1, 2, 3, 4, 6, 10, 14, 20, 30, 40, and 50 (1 meter equals 3.28
feet). Due to variable ground conductivity, potential electrode separations
varied slightly from site to site. The sounding data were processed using the
ABEM VES iteration process to obtain a best fit curve and were plotted
logarithmically as resistivity in ohm-meters versus half the current electrode
separation in meters. The plot also includes the layered earth model giving
the best match. At most VES sites, orthogonal electrode arrays were used to

test for distortions of the data due to lateral inhomogeneities in the ground.

2.2.2 Electromagnetic Surveys

Electromagnetic profiling (EMP) surveys were conducted at Flight-
line Area Sites LFO3, LF04, LFO5, WPO7, FTO8, and FTO9 using two devices: the
Geonics EM31 and the Geonics EM34-3 ground conductivity sensors. Both ground
conductivity sensors are designed for rapidly obtaining data over large areas.
The meters employ magnetic dipoles or magnetic induction loops for transmis-
sion and reception of low frequency electromagnetic waves. The effective
depth of investigation of the EM31 is six meters; the depth of investigation
provided by the EM34-3 depends on the coil separation and orientation, applied
frequency, and to some extent, the conductivity profile of the subsurface.

The techniques and conditions at Carswell AFB resulted in an effective
investigation depth of 50 feet with the EM34-3. The resulting data are

reported in units of millimhos/meter.

2.2.3 Magnetometer Surveys

Magnetometer surveys were accomplished using either an EDA PPM500
proton magnetometer or a Geometrics G856AX magnetometer. Magnetometer surveys
were performed because the over-burden at Carswell has a low magnetic suscep-
tibility; the buried objects were believed to contain a significant amount of
iron that would create a noticeable magnetic anomaly. Readings of the total
field and magnetic gradient were taken at each location. The units for these
readings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of WPO7 during Phase II Stage 2 activities was
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performed to determine if metal objects were buried at any of the proposed

drilling locations.

2.3 Monitor Well Construction and Development

During the Phase II activities in the Flightline Area, a total of
35 Upper Zone monitor wells and two Paluxy Aquifer monitor wells were
installed. The construction specifications and well development procedures
are described in the following sections. One aquifer (pump) test well and an
observation well were also completed in the Upper Zone. The construction of

these wells is described in Section 2.5 (Aquifer Pumping Test).

2.3.1 Upper Zone Well Construction

Upper Zone monitor wells were installed either immediately after
completion of the drilling operations or after the borehole produced enough
water to warrant a well. Construction specifications for the Upper Zone
monitor wells are presented in Table 2-2., Well completion summaries for
Flightline Area monitor wells completed in the most recent (1990) inves-
tigation are provided in Appendix B. Construction methods were generally
consistent with the specifications provided in the SOW. Any changes neces-
sitated by unanticipated field conditions were made with the knowledge and
approval of the HSD/YAQ Technical Program Manager. Decisions regarding the
setting of the screen and casing, length of screen, amount of sand pack and
bentonite were made in the field by the Radian Supervising Geologist based on
the static water level and saturated thickness of Upper Zone sediments.

Monitor wells were installed using the following procedures:
1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.
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TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Casing: Two-inch diameter, threaded and flush jointed, Schedule 40 PVC.

Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.
Some well screens were wrapped with filter fabric material.

Sand/gravel pack: Washed and bagged, rounded sand/gravel with grain
size compatible with screen slot and formation (Coarse, No. 8-20). A
sand pack was placed from the bottom of the borehole to two to five feet
above the top of the well screen. Sand was placed at a controlled rate
to avoid bridging within the auger.

Bentonite seal: 7Two feet (minimum) of pelletized bentonite placed above
the sand pack.

Grout: Type II Portland cement grout poured into the annular space from
the top of the bentonite seal to land surface. A grout mixture
consisting of approximately four pounds of bentonite to 94 pounds of
cement was used. The grout was allowed to set for at least 24 hours
before any well development activities.

Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in the cement. A locking cap is incor-
porated in the well cover. Steel guard posts were installed as
described in (8) below. The steel well protector and steel guard posts
were painted for corrosion control and visibility.

Alternate flush completion: PVC casing cut off two to three inches
below land surface, with a cast-iron valve box cemented in place. To
prevent any surface water infiltration, the valve box is slightly
elevated above land surface and the surrounding concrete is sloped away
from the well. The 1id to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the wellhead (not emplaced for flush surface completion).
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Screen and casing sections were assembled, then lowered care-
fully into the borehole. As the string of screen and casing
was lowered, additional sections of casing were added until
the bottom of the screen reached the bottom of the borehole.
The top of the casing was capped to prevent any completion
materials (sand, bentonite pellets, and grout) from entering
the casing during well construction activities. Where heaving
or flowing sand was encountered, some well screens were
wrapped in a filter fabric and installed using a natural,
rather than artificial, sand pack. These wells were LF04-4F
and -4H, and LFO05-5F, -5G, and -5H.

Except as previously noted, clean sand (Coarse, No. 8-20) was
poured carefully inside the annular space as the augers were
slowly withdrawn from the borehole. The sand pack was reg-
ularly measured by the supervising geologist until the level
of the sand was at least 2 feet above the top of the screen.
Bentonite pellets were placed above the sand to form a 2-foot
thick seal (minimum). If necessary, water bailed from the
borehole was poured down the annular space to hydrate the

bentonite.

Neat cement grout containing approximately four percent ben-
tonite was either emplaced through the augers as they were
withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

After completion of grouting, the casing was cut two to three
feet above land surface and a protective 4- to 6-inch diameter
steel casing protector with a lockable lid was cemented into
place. Three steel guard posts were then placed around the
well. If above-ground stickups were of concern in an area,
the well was completed flush with the land surface. For flush
completions, the lid to the valve box was secured with allen

bolts.
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After all wells were completed, well locations and elevations were
professionally surveyed. Table 2-3 presents the elevations of the ground
surface, the wellhead, and the screened interval of the Upper Zone monitor

wells in the Flightline Area.

2.3.2 Paluxy Formation Well Construction

After drilling operations were completed as described in Section
2.1, two Paluxy Aquifer monitor wells were installed as follows: Screen and
casing, consisting of 5-inch diameter Schedule 80 PVC, were installed into the
10-inch diameter borehole. Screen length was 37.5 feet. Gravel pack material
(Texas Blast Sand No. 1A) was placed in the annular space to a level of five
feet above the top of the screen. Bentonite pellets were added to form a 2-
foot thick seal, and the remaining annular space was sealed to the surface by
the tremie method using bentonite-cement grout. After the grout was allowed
to set for a minimum of 24 hours, the well was developed by bailing until a
sediment-free discharge was produced. A 1/3 horsepower stainless steel
submersible pump was installed after development. Protective casing, surface
electrical connections, and a concrete well pad were placed after the pump was

installed.

2.3.3 Well Development

After allowing the cement grout to set-up for a minimum of 24
hours, the Upper Zone wells were developed by either bailing using a bottom-
entry bailer or pumping with a Triloc® hand pump (l.7-inch diameter). As

previously stated, Paluxy Aquifer monitor wells were developed by bailing.

Water levels in some of the Upper Zone wells recovered slowly and
the wells were bailed dry several times. Other wells produced sufficient
water and were developed in a single effort, without a recovery period.
Development was considered complete when the water in the well was as sediment
free as possible. The pH, temperature and conductivity of the development
discharge water were measured and recorded at frequent intervals. The ground

water removed from the wells was placed in steel 55-gallon drums, sealed and
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appropriately labeled, based on field observations. Well development logs for
the most recently installed (1990) monitor wells in the Flightline Area are
provided in Appendix C.

2.4 Water Sampling

Both ground-water and surface water samples were collected from the
Flightline Area. The following subsections describe the sampling techniques
and methodologies for the various water samples collected during IRP Phase I1I
investigations. Ground-Water and Surface Water Quality Sampling Records for
the most recent round of Stage 2 sampling, including measurements of pH,
conductivity, and temperature; and information such as volumes of water purged

prior to sampling are provided in Appendix D.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in the clean
sample containers to minimize sample handling (and possible cross-contam-
ination). The samples were collected approximately six inches below the water
surface, or half-way between the water surface and the bed of the stream if
the stream was not six inches deep. During the most recent (1990) field
activities, surface water samples were collected at Farmers Branch, a small
tributary that runs into Farmers Branch, and two ponds located on the Carswell
AFB golf course. Additionally, during the most recent Stage 2 investigation
(1990), estimates of flow volume were made at each surface water sample

location at the time of collection.

Specific conductance, pH and temperature were measured on an
aliquot of each sample. Specific conductance and pH were measured with a
DSPH-1 meter and the temperature was taken with a mercury thermometer.
Alkalinity measurements were made in the field using a Hach Alkalinity Test
Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-
ments, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and
the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KCl conductivity standard solution.
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2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of
the monitor wells with an Olympic Actat water level meter, and were recorded
in a field notebook or on appropriate IRPIMS data collection forms. Measure-
ments were taken from the surveyed mark point at the top of the casing, and
read to the nearest 0.0l-foot. Between measurements, the probe and associated
electrical line were washed with laboratory grade detergent, rinsed with
potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of
water were bailed from the well using a bottom-entry Teflon™ bailer attached
to a nylon monofilament line. This procedure ensured that representative
formation water was collected. Purged water was placed in 55-gallon drums for
final disposal pending the outcome of chemical analyses (provided to the Base
Environmental Coordinator). Between wells, all equipment used for bailing
operations was cleaned with laboratory grade detergent (Alconox), rinsed with
potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-
grade methanol, and finally pesticide-grade hexane. The equipment was allowed
to air dry completely before reuse. The nylon line was replaced between

wells.

Specific conductance, pH, temperature, and alkalinity were deter-
mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

After each well was purged of the required volume of water, ground-
water samples were collected using a Teflon bailer. After collection, samples
were placed directly into prelabeled sample bottles and preserved according to
the requirements listed in Table 2-4. Ground-water samples for dissolved
metals were filtered in the field. Samples were placed in ice chests with ice
and were shipped for overnight delivery to Radian’s laboratories in Sacramen-

to, California, or Austin, Texas; or were hand delivered to the laboratory in
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Austin. To ensure that sample integrity was maintained during shipping and
handling, custody seals were affixed to each ice chest and chain-of-custody

forms were completed and transmitted with the samples to each laboratory.

2.5 Aquifer Testing

Single-well in situ permeability aquifer tests (i.e., slug tests)
and an aquifer pumping test were performed to determine the hydraulic proper-
ties of the Upper Zone Aquifer in the Flightline Area. Following is a

discussion of the aquifer test methods.

2.5.1 Slug Tests

Slug tests were performed in 13 monitor wells (LFO4-4A, -4B, -4D,
-4E, -4G, LFO5-5A, -5B, -5C, -5D, -SE, FT09-12A, -12B, and -12C) at the
Flightline Area, and results were used to calculate the hydraulic conductivity
of the Upper Zone Aquifer. The wells selected for slug testing represent a

range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when
a "slug” (known volume) of water is instantaneously removed or added.
Typically, the response of the water level in a moderately permeable for-
mation, such as the Upper Zone at Carswell AFB, is quite rapid. By deter-
mining the behavior of the water level in the well in response to the stress
of the slug, the hydraulic conductivity of the aquifer material directly
adjacent to the well screen can be calculated. To perform these calculations,
the geometry of the well, aquifer boundary conditions, and initial water level
must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).

The first step of the slug test was to measure the static water
level in the well. Next, a known volume of water was removed by bailing and
segregated for use as the slug. After the desired volume of water was removed
from the well, a pressure transducer and attached cable were lowered into the

well and suspended at a point just above the bottom of the well screen. The

2-17



pPressure transducer was connected to an In-Situ, Inc. Hermit 1000B automatic
data logger, capable of measuring and recording pressure changes on a log-
arithmic frequency, beginning every 0.2 seconds in the first few seconds of
the test. Before introducing the slug, the water level in the well was
allowed to return to static conditions. Then, as the slug was rapidly poured
in the well, the data recorder was activated to measure the response of the
water level. At least two slug tests were conducted at each well tested to

determine the reproducibility of the results.

2.5.2 Aquifer Pumping Test

An aquifer pumping test was performed to evaluate the hydraulic
characteristics of the Upper Zone deposits in the Flightline Area. One 6-inch
diameter well (LF04-03) was installed during field activities performed under
D.0. 4 Modification 0004 to accommodate the 4-inch submersible pump used in
the test. The pumping well was constructed of Schedule 80 PVC (slot size
0.020 inches) and was screened over the entire saturated thickness of the
Upper Zone. In order to measure the aquifer'’s response to pumping, a 2-inch
diameter observation well (LF04-02) was also installed. The observation well
was installed about 50 feet north of the pumping well and was also screened
over the entire saturated thickness of the Upper Zone. All other construction

details were the same as for the Upper Zone monitor wells.

Pumping tests usually provide the means to stress an aquifer to
such a degree that reliable estimates of transmissivity, storativity, and
hydraulic conductivity can be made. These values are calculated using
drawdown and recovery data recorded in the pumping well and observation wells.
Each of these calculated parameters can ultimately be used to estimate ground-

water flow rates and contaminant plume migration.

Step Pumping Test

Prior to the start of the pumping test, a step test was performed
to assess aquifer response at multiple incremental pumping rates to determine

the optimum pumping rate for the aquifer test. The optimum pumping rate for
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the Flightline Area pumping test was determined to be the full capacity of the
submersible pump (Gould 1/2 HP, Model 10 EJ) or approximately 20 gallons-per-
minute (gpm). The pump was rated at approximately 25 gpm with the amount of
hydraulic head encountered in the pumping well. However, travel of discharge
water through over 300 feet of polyethylene pipe before ultimate discharge to
the City of Fort Worth sewer system reduced discharge rates because of
friction losses. Background water-level data in the pumping well and the near
observation well were collected electronically (at 10 minute intervals) with a
Hermit brand model SE1000B data logger for approximately 40 hours prior to the
step test. The background data are useful for defining natural trends (i.e.,
variability) in the Upper Zone Aquifer water level, such as increases from
recharge or decreases due to evapotranspiration. The background data can also
be useful in preventing misinterpretation of a water level decline as being

caused by pumping, rather than by natural factors.

Pumping Test

The pumping test was conducted on 21 and 22 June 1990, and ran for
20 hours. The pumping test began about 16 hours after the end of the step
test, when the measured water levels had recovered to over 99 percent of their
pre-step test levels. The 4-inch submersible pump (used in the pump and step
test) was powered by a 3500 watt portable generator. Pump test discharge
water underwent aeration before being discharged to the City of Fort Worth
sewer system, with air for the aeration provided by a portable 125 cfm air
compressor. During the step and pump tests, the pumping rate was determined
by timing discharge into a 5-gallon container with a stopwatch. All required
data from the aquifer test were recorded on IRPIMS Pump/Recovery Test Data

Collection Forms, included in Appendix F.

Because drawdown is more rapid at the beginning of a pumping test,
electronic recording of water levels (in the pumping well and nearest obser-
vation well) was in a logarithmic progression. Manual water level measure-
ments of seven additional Upper Zone monitor wells were also made at more
frequent intervals during the early stages of the test. During the test, pH,

conductivity, temperature and the visual characteristics of the discharge
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water were recorded at regular intervals. In addition, the pumping rate and
drawdown of the pumping well were periodically checked to ensure consistency
throughout the test, as wells will typically show a slow decline in discharge

with time as drawdown increases.

Electronic data logging equipment was periodically downloaded by
hand during the test. This allowed for construction of time-drawdown plots,
or hydrographs, in the field for all wells being monitored during the test.
These plots were used for preliminary determination of aquifer charac-
teristics. Discharge water was pumped into a temporary holding tank to allow
observation of water characteristics and recording of water quality data.
Periodically during the pump test, water samples going into the holding tank
(pre-aeration) and exiting the holding tank (post-aeration) were collected.
These samples were collected in 40 mL VOA vials, filling each approximately
two-thirds full with water. These water samples were allowed to sit in the
direct sunlight for several hours prior to a headspace analysis for volatile
organic content. During the time spent in the sunlight, volatile organics in
the ground-water volatilized to the overlying air column. The volatile
organic content of the headspace was measured with an HNu photoionization
detector (PID). This was accomplished by cutting a small slit in the Teflon™
septum in the cap of the vial and quickly inserting the probe of the HNu PID.
Comparison of the pre-aeration and post-aeration volatile organic concentra-

tions allowed for gross determination of the aeration system efficiency.

At the conclusion of the 20-hour ground-water pumping period, water
level monitoring and observations continued during the recovery period.
Recovery data were included on the hydrographs for each well. Data from the
aquifer pumping test were used to calculate hydraulic parameters for the Upper

Zone Aquifer.

A more complete.description of the aquifer pumping test procedures

and methods of analysis is provided in Appendix F.
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2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,
Inc., Registered Land Surveyors, of Fort Worth. These activities consisted of
measurements of the horizontal location of wells, boreholes, hand-auger holes,
and surface water sampling locations in terms of State Plane Coordinates; and
of measurements of reference point elevations to an accuracy of + 0.01 foot.
The survey was conducted to an accuracy needed for a second order survey. All
of the data were provided as values posted on a map, and in tabular form

(Appendix E).
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3.0 PHYSICAL CHARACTERISTICS OF THE FLIGHTLINE AREA

This section describes the physical characteristics of the Flight-
line Area, with respect to local surface features, surface water bodies,
geology, and ground-water occurrence. The primary basis of this charac-
terization is interpretation of field and laboratory data obtained from the
Installation Restoration Program (IRP) at Carswell AFB, Texas. Radian
maintains a database containing all environmental data from the Flightline
Area developed during the Phase II Stage 2 field program using the U.S. Air
Force required Installation Restoration Program Information Management System

(IRPIMS) format.

3.1 Topographic Surface Features

The area in the vicinity of the flightline ranges from an essential-

ly level surface near the main (north-south) runway to gently rolling land
near tributaries of Farmers Branch at the golf course. Figure 3-1 shows the
location of the various surface features associated with the Flightline Area

(buildings, roads, IRP sites, surface water bodies, etc.).

The Soils Conservation Service has identified four soil associations

at Carswell AFB, however, only the Sanger-Purves-Slidell association occurs in

the Flightline Area (USDA, 1981). The Sanger-Purves-Slidell soils range in

thickness from 8-80 inches and are predominantly composed of clay loam. These

are nearly level to gently sloping clayey soils with a permeability ranging

from <4.2 x 107> to 3 x 107" cm/sec (ibid.).

All of the land is underlain by terrace deposits of the Trinity
River and fill material associated with the construction of the base runway
and taxiways. The terrace deposits have been moderately dissected by trib-
utaries of Farmers Branch. Elevations in the area range from approximately
625 feet mean sea level (MSL) at Landfill 3 (LFO3) to 580 feet MSL at the
northern end of Landfill 5 (LFO5) and at Site 11 (FTO8).
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3.2 Surface Water

The main surface water bodies in the Flightline Area are Farmers
Branch, an unnamed tributary that flows into Farmers Branch, and two ponds on
the Carswell AFB golf course (Figure 3-1). Surface drainage in the Flightline
Area is generally to the north and east toward Farmers Branch. During the
Stage 2 investigation performed in 1990, water was present in tributaries to
Farmers Branch at 1) the southwest side of Landfill 4 (LF04), 2) the eastern
side of Landfill 5 (LFO5) and Fire Department Training Area 2 (FT09), and 3)
the eastern edge of the Flightline Area (see unnamed tributary, Figure 3-1).
Southwest of Landfill 4 (LFO4), the unnamed tributary flows over limestone and
shale outcrop, but becomes an influent stream as water percolates into terrace
(Upper Zone) deposits south and east of the landfill. The tributary west of
Landfill 5 (LFO5) and Site 12 (FT09) becomes effluent at Cody Drive where
terrace deposits are relatively thin. Farmers Branch ultimately discharges to
the Trinity River, located on the eastern boundary of Carswell AFB. The
evaluation of ground-water flow at the Flightline Area suggests that the
surface water bodies may receive ground-water inflow, and possibly con-
taminants associated with the ground water. A staff gage was installed in
Farmers Branch (Figure 3-1) and professionally surveyed during the additional
Stage 2 field activities. Synoptic ground-water and surface water-level
measurements made in June 1990 were used to evaluate Upper Zone ground-
water/surface water communication. A detailed discussion of this com-
munication is provided in Section 4 (Nature and Extent of Contamination) of

this report.

Estimates of flow volume in Farmers Branch and the unnamed tributary
were made. Flow volumes were calculated by measuring the width and estimating
the average depth of the stream(s), then multiplying the resulting cross-
sectional area by the estimated flow rate. The flow rate was estimated by
measuring the length of time required for a floating object to travel a known
distance. Estimated flow volumes at the time of sampling (April, 1990) were
approximately 6 cubic feet/second (cfs) for the four locations on Farmers
Branch and approximately 0.2 cfs for the unnamed tributary. Water in the two

ponds appeared stagnant at the time of sampling. Observed flow in Farmers
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Branch during field activities was extremely wvariable, ranging from <5 to >100

cfs (following heavy rains).

3.3 Geology

Carswell AFB is located on the relatively stable Texas craton, west
of the faults that lie along the Ouachita Structural Belt. No major faults or
fracture zones have been mapped near the base. The regional dip of the rocks
beneath Carswell AFB is between 35 and 40 feet per mile in an easterly to
southeasterly direction. From youngest to oldest, the major geologic for-
mations found in the Flightline Area of Carswell AFB are as follows: 1)
Quaternary Alluvium, 2) Cretaceous Goodland Limestone, 3) Cretaceous Walnut
Formation, 4) Cretaceous Paluxy Formation, 5) Cretaceous Glen Rose Formation,

and 6) Cretaceous Twin Mountains Formation.

Subsurface geologic conditions in the Flightline Area were charac-
terized using indirect methods (geophysical surveys) and direct subsurface
sampling and lithologic logging during drilling operations. Most of the IRP
activities focused on the Upper Zone. The Goodland/Walnut Aquitard and the
Paluxy Aquifer in the Flightline Area were the deepest (oldest) units pene-
trated, and by only two monitor wells installed during the initial Stage 2
effort. The following subsections contain discussions of the geology in the

Flightline Area.

3.3.1 Quaternary Alluvium

Quaternary alluvium, deposited by the Trinity River, is found at the
surface throughout the Flightline Area site, as well as over most of the base.
The alluvium consists of floodplain and fluviatile terrace deposits of gravel,
sand, silt, and clay that occur as a veneer on the eroded surface of the
Goodland Limestone. The unconsolidated alluvial deposits and fill are
referred to as the "Upper Zone," a term initially applied to similar alluvial
deposits at AF Plant 4 (Hargis and Montgomery, Inc., 1983). The Upper Zone is
a hydrogeologic unit at Carswell AFB that is a mixture of clay, silt, sand,

and gravel of variable thickness and degree of saturation.
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Drilling on the base indicates that the alluvial deposits (and fill)
range from a few feet to greater than 45 feet of interbedded clay, silt, sand,
and gravel. The irregular thickness of the alluvium is due to depositional
events, stream channeling, and erosion. In general, silt and clay with
variable amounts of sand and gravel occur at the land surface down to depths
of five to 10 feet. Underlying the silt and clay is a sand and gravel unit
that normally increases in grain size with increasing depth. These strata
appear to be relatively continuous across the area of investigation, although
coarse gravel deposits occur in limited areas generally east of the Fire
Department Training Areas 1 (FTO8) and 2 (FT0O9). The sand deposits are fine-
grained to coarse-grained, tan to rust in color, and composed predominantly of
quartz grains. Gravel is mostly limestone and shell fragments ranging in size
from fine gravel to cobbles. A sand and gravel isopach map of the Flightline

Area is presented in Figure 3-2.

During the most recent drilling activities in the Flightline Area,
efforts were made to characterize the paleochannels (old stream channel
patterns) believed to exist in the area. Examination of Figure 3-2 shows
thick sand and gravel sequences, indicative of channel deposits, to occur east
of Taxiway 197 and roughly paralleling White Settlement Road. Sand and gravel
thicknesses greater than 20 feet occur in an approximately 800 feet-wide area,
with White Settlement Road serving as the approximate median to the pattern.
Additional evidence of the channel pattern is seen in the eroded nature of the
bedrock in this area and the extensive limestone gravels (scoured bedrock).
The gravels were deposited as channel lag deposits on the scoured upper

surface of the underlying bedrock (Goodland/Walnut Formations).

3.3.2 Cretaceous Goodland Limestone and Walnut Formation

Underlying the alluvium are the Cretaceous-age Goodland and Walnut
Formations. Both formations consist of interbedded, fossiliferous, hard
limestone and calcareous shale, and are thus discussed together. The rock is
fractured and there is considerable jointing and flaking, which gives the
limestone a fractured appearance. These strata are generally dry, although

small amounts of water are occasionally present in the shale and clay units.
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The erosional surface of the bedrock is generally level across most
of the Carswell AFB area, with a pronounced rise in the southwest portion of
the base corresponding to the outcrop of limestone and shale. Table 3-1 shows
the depth (and corresponding elevation) to bedrock (Goodland/Walnut Formation)
at all drilling locations in the Flightline Area. Figure 3-3 is a contour map
of the elevation (MSL) of the top of the bedrock surface. The locally
irregular topography of the top of the bedrock is characteristic of an
erosional surface modified by fluvial processes, which is recorded by the

overlying sequence of interbedded fluviatile gravel, sand, silt, and clay.

The thickness of the Goodland/Walnut Formations, as observed during
the drilling of Paluxy wells P-1 and P-2 (Figure 3-1), is approximately 30-40
feet beneath the Flightline Area. However, because the top of the Good-
land/Walnut Formations is an erosional surface, the thickness in isolated
areas may be less than originally deposited. It has been reported that the
Quaternary alluvium and the Cretaceous Paluxy Formation are in direct contact
at the eastern boundary of AF Plant 4, where the Goodland/Walnut Formations

were completely eroded away (Hargis and Associates, 1985).

3.3.3 Cretaceous Paluxy Formation

Bengath the Goodland and Walnut Formations lies the Cretaceous-age
Paluxy Formation, often referred to as the Paluxy Sand. The Paluxy Formation
is the deepest unit penetrated in the Flightline Area during the IRP efforts.
Regionally, the Paluxy Sand is divided into upper and lower sand members by an
intervening shale unit. The sands in the upper part of the Paluxy are
reported by drillers to be fine-grained and shaley. The lower sand member
generally consists of two separate and distinct sand strata, but the in-
dividual sand beds do not maintain constant thickness or lithology over long
distances. About one-half to three-fourths of the Paluxy is sand; the
remainder consists of clay, sandy clay, shale, lignite, silicified wood
fragments, and nodules of pyrite. In general, coarse-grained sand is in the
lower part of the Paluxy which grades upward into fine-grained sand with

variable amounts of shale and clay.
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TABLE 3-1. ELEVATION OF BEDROCK IN FLIGHTLINE AREA, CARSWELL AFB, TEXAS
Ground Level Depth to Elevation of Sand and Gravel

Location Elevation Bedrock Bedrock Thickness

ID (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF03-3A 633.47 18.0 615.5 0
LF03-3B 633.84 19.5 614.3 0
LF03-3C 635.39 12.0 623.4 0
LF03-3D 621.6 15.0 606.6 0
LF03-3E 622.87 16.0 606.9 0
LFO4-4A 624.6 18.0 606.6 11.0
LFO4-4B 618.4 17.5 600.9 10.0
LFO4-4C 610.9 29.0 581.9 23.0
LFO4-4D 613.1 29.0 584.1 25.0
LFO4-4E 617.5 33.5 584.0 28.0
LFO4-4F 622.8 >35.5 <587.3 >29.5
LF04-4G 619.1 39.5 579.6 30.5
LF04-4H 610.5 27.0 583.5 23.0
LF04-01 626.5 40.0 586.5 20.7
LF04-02 621.0 37.0 584.0 26.0
LF04-03 620.5 37.5 583.0 25.4
LF04-04 609 .4 25.0 584.4 23.5
LF04-05 608.8 25.8 583.0 17.0
LF04-06 613.3 29.5 583.8 24 .1
LF04-07 630.4 38.2 592.2 28.4
LF04-08 630.0 47.0 583.0 38.9
LF04-09 627 .4 47.0 580.4 37.4
LF04-10 626.9 49 .0 577.9 36.3
LFO5-5A 619.4 31.0 588.4 13.5
LFO5-5B 597.4 8.0 589 .4 3.0
LFO05-5C 606.8 21.0 585.8 16.0
LFO05-5D 608.5 24 .0 584.5 20.0
LFO5-5E 623.9 >40.0 <583.9 >31.0
LFO5-5F 619.4 >37.0 <582.4 >33.0
LF05-5G 612.0 29.0 583.0 21.0
LFO5-5H 608 .4 25.0 583.4 11.0
LF05-01 619.3 25.0 594.3 6.9
LF05-02 620.0 27.0 593.0 2.1
LF05-03 620.6 27.4 593.2 12.2
LF05-04 617.3 28.0 589.3 5.3
LF05-05 616.1 26.0 590.1 6.0
LF05-06 598.3 7.0 591.3 6.5
LF05-07 598.0 5.8 592.2 4.0
LF05-08 606.8 14.5 592.3 2.5
LF05-09 604.9 14.0 590.9 10.5

(continued)
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TABLE 3-1. (Continued)

Ground Level Depth to Elevation of Sand and Gravel

Location Elevation Bedrock Bedrock Thickness

ID (Ft, MSL) (Ft) (Ft, MSL) (Ft)
LF05-10 623.9 36.0 587.9 12.0
LF05-11 597.6 10.0 587.6 3.0
LF05-12 594.4 9.0 585.4 0.5
LF05-13 605.0 17.0 588.0 7.7
LFO05-14 603.2 13.0 590.2 4.8
LF05-15 626.5 40.5 586.0 15.0
LF05-16 612.3 23.0 589.3 14.0
LFO05-17 606.5 16.5 590.0 12.0
LF05-18 612.1 23.2 588.9 12.2
LF05-19 606.3 20.5 585.8 17.7
WP0O7-10A 624.2 >39.0 <585.2 26.5
WPO7-10B 621.1 33.0 588.1 27.0
WP0O7-10C 615.4 31.0 584.4 20.0
WP0O7-10D 623.3 >29.0 <594.3 >13.0
WP07-10E 622.5 >29.0 <593.5 >17.0
WP0O7-10F 621.5 >29.0 <592.5 >20.0
FT08-11A 604.8 13.5 591.3 9.
FT08-11B 603.8 14.0 589.8 11.
FT09-12A 632.0 18.0 614.0 7.0
FT09-12B 625.6 39.0 586.6 26.0
FT09-12C 625.5 31.0 594.5 15.0
FT09-12D 624.8 >36.0 <588.8 >21.0
FT09-12E 624.5 39.0 585.5 26.0
FT09-12G 629.2 -~ -- --
FT09-12H 629.1 25.0 604 .1 6.0
FT09-121I 629.2 24.0 605.2 5.0
FT09-12J 628.7 23.0 605.7 4.0
FT09-12K 626.7 >25.0 <601.7 >5.0

-- Not Determined

MSL - Mean Sea Level
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In the two Paluxy monitor wells (P-1 and P-2) installed during the
initial Stage 2 effort, drilling progressed through the upper sand member to
the intervening shale unit. The upper sand member ranged from 30 to 35 feet
in thickness and consisted of varying amounts of sand, sandstone, clay, and
shale. The shale unit separating the upper and lower Paluxy "sands" was

encountered at approximately 105 feet, below land surface in both P-1 and P-2.

3.3.4 Cretaceous Glen Rose Formation

Underlying the Paluxy Sand is the Glen Rose Formation, which
represents the seaward facies of part of the Twin Mountains Formation, being
deposited simultaneously to the north. The Glen Rose was not penetrated
during drilling in the Flightline Area, but typically consists primarily of

calcareous sedimentary rocks (limestone) and some sands, clays, and anhydrite.

3.3.5 Cretaceous Twin Mountains Formation

The Twin Mountains Formation, with the Glen Rose Formation capping
it, is the oldest Cretaceous-age formation reported in the vicinity of
Carswell AFB. 1In ascending order, the Twin Mountains Formation is divided
into the Sycamore Sand Member, the Cow Creek Limestone Member, and the Hensell
Sand Member. The Twin Mountains Formation does not crop out in Tarrant
County. The Twin Mountains Formation consists of a basal conglomerate of
chert and quartz, grading upward into coarse- to fine-grained sand inter-

spersed with varicolored shale.

3.3.6 Flightline Area Cross-Sections

Following the recent drilling activities at the Flightline Area, six
geologic cross-sections were constructed, showing borehole lithologies (as
well as the static water levels in the Upper Zone measured on 18 June 1990).

A location map for the newly constructed cross-sections through the site is

provided in Figure 3-4.
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Two of the cross-sections (A-A’' and B-B'’) are oriented roughly west-
east and the remaining four are oriented roughly north-south (C-C’ through F-
F') through the site. All of the cross-sections intersect the relatively

thick sand and gravel sequence observed at the site (Figure 3-2).

Cross-section A-A’' (Figure 3-5) depicts the subsurface from the
Landfill 3 (LFO3) area to the area just east of Landfills 4 (LFO4) and 5
(LFO5) and the Waste Burial Area (WPO7). An important feature in this cross-
section is the lack of sand and gravel in the borings completed in the
Landfill 3 area. There is a steep incline in the upper surface of the bedrock
(Goodland/Walnut Formations) between borings LF03-3E and LF05-15. Coincident
with the lower bedrock elevation in the vicinity of LFO05-15 is the appearance
of relatively thick sands and gravels of the Upper Zone. This cross-section
is oriented through the thickest sands and gravels encountered in the Flight-
line Area (Figure 3-2). Boring locations from LF05-15 eastward all display a
fining-upwards sequence in the Upper Zone deposits, which is consistent with
alluvial deposition. The lower bedrock surface observed in the eastern half
of the cross-section is probably the result of stream erosion, as rounded
limestone and chert gravels (typical of channel lag deposits) rest directly on
the bedrock surface. These deposits are believed to coincide with the

location of a former channel (paleochannel) of what is now Farmers Branch.

In cross-section B-B’' (Figure 3-6), another steep incline is
observed in the bedrock topography between monitor well locations FT09-12A and
FTO9-12B. Paralleling the inclined bedrock surface is a steeply-dipping Upper
Zone water table. Fining-upwards sequences of sediments are seen in all
borings included in this cross-section, with gravels occurring on the eroded

bedrock surface east of FT09-12A.

Shown in Figure 3-7 is cross-section C-C’. Gravels only occur in
the middle area of the cross-section, with a relatively higher bedrock surface
occurring in the northern and southern reaches of the section. The steeply

inclined bedrock surface seen at location FT09-12A (B-B’) is also reflected
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on this cross-section at location LF04-4A. Monitor well FT09-12C occurs at
approximately the southern edge of the paleochannel deposits observed in the

Flightline Area.

Cross-section D-D’ is shown on Figure 3-8. Again, a relatively
thick sequence of coarse-grained materials occurs through the middle portion
of the cross-section. Southward from boring LF05-12, the coarse-grained Upper
Zone deposits thicken, with the thickest deposits occurring in the vicinity of
LFO4-4F. Monitor well LFO4-4F is the only location on this section where
gravels were found. Location LF04-4B, like LFO4-4A (C-C’'), is located on a

relative high on the bedrock surface.

Geologic cross-section E-E’' (Figure 3-9) shows the thickest sequence
of Upper Zone sands and gravels occurring in the vicinity of LF04-4G. Monitor
well LFO4-4G occurs within the trend of the thickest Upper Zone sands and
gravels observed in the Flightline Area. The trend axis is situated approxi-

mately on White Settlement Road.

The easternmost cross-section through the Flightline Area, F-F'
(Figure 3-10), includes five newly installed ground-water monitor wells.
Although monitor well boring LF04-10 encountered the thickest sequence of
Upper Zone coarse-grained sediments, the potentiometric surface (derived from
water-level measurements taken on June 18, 1990) indicates ground-water flow
toward the location of LF05-19, rather than parallel to the depositional
trend, as might be expected. In this area, the tendency for ground water to
discharge to Farmers Branch apparently exerts a greater influence on the flow

direction than the permeability of the Upper Zone sediments.

3.4 Hydrogeology

Five major hydrogeologic units exist beneath Carswell AFB. From
shallowest to deepest they are: 1) an Upper Zone of unconfined ground water
occurring within the alluvial terrace deposits associated with the Trinity

River; 2) an aquitard of predominantly dry limestone of the Goodland and
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Walnut Formations; 3) an aquifer in the Paluxy Sand; 4) an aquitard of
relatively impermeable limestone in the Glen Rose Formation; and 5) a major
aquifer in the sandstone of the Twin Mountains Formation. Only the first
three units were investigated in the Flightline Area during the IRP, with the
primary focus being on the Upper Zone. The Upper Zone was the only unit
studied in this most recent Stage 2 (1990) effort. Figure 3-11 shows the
general depth of occurrence and thickness of each of the major hydrogeologic
units expected in the Flightline Area. Descriptions and properties of the
hydrogeologic units are summarized in Table 3-2. The following subsections
present the hydrogeologic characteristics of each unit based on field data and

literature sources.

3.4.1 Upper Zone Aquifer

The Upper Zone ground water occurs within the alluvial deposits at
Carswell AFB. Low permeability is typical of this alluvium because of the
large amounts of clay and silt. However, there are zones of greater per-
meability in the sands and gravels of former channel deposits. Recharge to
the water-bearing deposits is local, from rainfall and infiltration from
stream channels and drainage ditches. The direction of ground-water flow is

generally controlled by the bedrock topography of the Walnut Formation.

3.4.1.1 Ground-Water Occurrence and Flow

Table 3-3 shows the results of the synoptic water-level survey
performed on 18 June 1990. Figure 3-12 is the resulting potentiometric
surface map of the Upper Zone Aquifer. Ground-water flow in the Upper Zone is
generally northeastward, toward Farmers Branch, a tributary to the West Fork

of the Trinity River.

From the outlet of Farmers Branch from the underground aqueduct
(which conveys the stream under the Flightline) the stream flows over bedrock
at the Goodland/Walnut Formation until it flows into the Trinity River on the

eastern boundary of Carswell AFB. The Upper zone ground-water flow through
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Hydrogeoiogic Units M.F::t sm ‘ Geologic Units

700 —

Upper Zone 600 }— Alluvium
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Walnut Formation
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Figure 3-11. Generalized Hydrogeologic Units at Flightline Area,
Carswell AFB, Texas
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TABLE 3-3. RESULTS OF FLIGHTLINE AREA UPPER ZONE SYNOPTIC WATER LEVEL
SURVEY CONDUCTED ON JUNE 18, 1990

Measuring Point Depth to Water Level
Location Elevation Water Elevation
ID Time (Ft, MSL) (Ft) (Ft, MsL)
LF04-01 1553 629.24 28.98 600.26
LF04-02 1738 623.68 26.23 597.45
LF04-03 1735 623.25 25.67 597.58
LF04-04 1756 612 .07 16.75 595.32
LF04-10 1801 626.54 30.49 596.05
LF04-4A 1813 625.76 10.48 615.28
LF04-4B 1818 619.90 18.27 601.63
LF04-4C 1809 613.04 16.42 596.62
LF04-4D 1749 615.35 18.06 597.29
LF04-4E 1746 618.54 21.35 597.19
LFO04-4F 1731 625.36 26.96 598.40
LFO04-4G 1740 620.02 23.69 596.33
LFO04-4H 1752 613.43 17.15 596.28
LF05-01 1545 621.96 18.14 603.82
LF05-02 1549 622.69 24 .86 597.83
LF05-14 1700 602.98 8.84 594.14
LF05-18 1834 611.84 17.73 594.11
LF05-19 1650 606.08 12.54 593.54
LF05-5A 1618 623.18 22.67 600.51
LFO05-5B 1708 600.45 3.73 596.72
LF05-5C 1627 608.68 9.56 599.12
LF05-5D 1624 611.71 10.98 600.73
LF05-5E 1615 626.89 26.60 600.29
LFO05-5F 1721 618.95 21.83 597.12
LF05-5G 1714 615.39 19.31 596.08
LFO5-5H 1711 610.62 14.54 596.08
FT09-12A 1557 635.66 17.10 618.56
FT09-12B 1603 627.55 28.38 599.17
FT09-12C 1601 628.05 29.23 598.82
FT09-12D 1611 627.45 28.13 599.32
FT09-12E - 1606 627.48 28.68 598.80
FT08-11A 1634 608.22 11.23 596.99
FT08-11B 1630 608.14 8.63 599.51
WP07-10A 1620 626.70 26.68 600.02
WP07-10B 1728 624.46 25.63 598.83
WP07-10C 1726 617.24 18.59 598.65
Staff Gage 1840 579.44 0.57 579.01

(1.0 ft mark on gage) (water reading on gage)
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3 86
the Flightline Area, being generally northeastward, intercepts Farmers Branch
in the northern and northeastern portion of the Flightline Area site. The
Upper Zone sediments, which are up to 40 feet thick in areas west and south-
west of Farmers Branch, either thin to their eventual disappearance at the
stream or are exposed as sheer cliffs (cut-banks) near the stream. Field
reconnaissance revealed Upper Zone ground water seeping from the face of the

exposed banks.

The potentiometric surface map (Figure 3-12) includes water level
information from both the ground water and the surface water (surveyed at six
locations along Farmers Branch). Farmers Branch is shown to be a point of
discharge for ground water, as the Upper Zone hydraulic gradient is shown to

be toward the stream.

The area north of Farmers Branch in the Flightline Area has not been
investigated. However, visual observation has shown the area to be relatively
flat in the vicinity of the stream. Upper Zone deposits are probably thin in
this area. With Farmers Branch being a zone of ground-water discharge in the
Flightline Area, Upper Zone ground-water flow in the area north of Farmers

Branch would locally be toward the stream.

3.4.1.2 Hydraulic Characteristics of Upper Zone Aquifer

Slug tests were performed in twelve Flightline Area wells (April,
1988) and an aquifer pumping test was conducted (June, 1990) to determine the
hydraulic properties of the Upper Zone aquifer in the Flightline Area at
Carswell AFB. The following section presents a discussion of the characteris-
tics of the Upper Zone aquifer as determined from this testing. A more
thorough description of the aquifer pumping test procedures and analysis is

provided in Appendix F.

Slug Test Results

The ability of the Upper Zone alluvial deposits to transmit ground

water was initially characterized based on the results of single-well aquifer
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tests (slug tests). These tests were performed as described in Section 2.2.5,

and analyzed according to the Bouwer and Rice (1976) method.

The calculated hydraulic conductivity values ranged from 22.6 ft/day
(7.98 x 1073 cm/sec) at well LFO4-4D to 1.2 ft/day (4.1 x 10" cm/sec) at well
LFO4-4A. The lowest calculated hydraulic conductivities were from wells known
to be located outside the main pattern of channel deposits observed in the
Flightline Area. The lowest calculated values were from test wells LFO4-4A
and FT09-12A (Figure 3-12).

The main limitation on slug tests is that they are heavily dependent
on a high-quality well intake (screened interval). If well development is
inadequate, measured values may be highly inaccurate (decreased con-
ductivities); conversely, if development is very thorough, the measured values
may reflect the increased conductivities in the artificially induced gravel
pack around the screen. In any case, slug tests usually provide aquifer
parameter values that are fairly representative of a small volume of porous
media in the immediate vicinity of the well. Aquifer pumping tests, however,
usually provide measurements of aquifer parameters that are averaged over a

much larger aquifer volume.

Aquifer Pumping Test Results

The data obtained during the June, 1990 Upper Zone aquifer pumping
test were analyzed by several methods. Following field plotting of time-
drawdown and distance-drawdown measurements, hand plotted observation well
drawdown and pumping well recovery data were analyzed by the Cooper-Jacob
method. 1In addition, a computer aquifer analysis program was used. The well
hydraulics interpretation program used was WHIP™, which can simulate and

analyze both drawdown and recovery tests.

The diagnostic procedures use semilog drawdown (Cooper-Jacob)
analyses and Theis recovery analyses to obtain preliminary estimates of the
transmissivity and storage coefficient. Theis curves are generated using

these values and are graphically compared to the observed data. Portions of
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the generated curves can be "windowed" so only reliable data are used for the
generation of final transmissivity and storage coefficient values. The
equations used in the Cooper-Jacob analysis of hand-plotted drawdown and

recovery data is provided in Appendix F.

In addition to standard semilog and loglog plots, the effects of
various time transformations on the data as well as first and second deriv-
atives of the drawdowns were performed. Observing the derivative drawdown
plots was useful for determining that portion of the test data displaying
Theis behavior. Additionally, the Dupuit correction for water table con-
ditions was applied to all computer analyses and the initial estimates of
transmissivities and storage coefficients were optimized using an ordinary
least squares fitting criterion. The Dupuit correction allows for the
minimization of the irregularities inherent in field data and applies a more
sophisticated mathematical approach to the calculation of transmissivities and
storage coefficients.

L]

Three different computer generated plots and analyses were deter-
mined to best represent the Upper Zone aquifer hydraulic properties of
transmissivity and storage coefficient. These were the observation well
(LFO4-02) drawdown and recovery analyses and the pumping well (LF04-03)

recovery analysis.

Seven additional monitor wells were measured for response to the
pumping well during the test. These wells did not respond to pumping. Water
level measurements taken in these wells were plotted and are included in

Appendix F.

Table 3-4 shows the summarized results of the Flightline Area
aquifer pumping test analysis. Both the pumping well (LF04-03) and the obser-
vation well (LFO4-02) are completed in the generally west to east trend of
relatively thick sands and gravels observed in the Flightline Area, and both
wells are screened across the entire saturated thickness of the Upper Zone
aquifer. The calculated hydraulic conductivity and transmissivity values fall

within the range for clean sands and gravels (Freeze and Cherry, 1979) which
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is consistent with the lithology for the Upper Zone aquifer. The storage

coefficient value calculated also falls within the range for clean, unconfined

aquifers.

The hydraulic conductivity calculated from the pumping test analysis
was significantly higher than that determined from prior slug tesfing. Based
on the limitations of the slug testing discussed earlier, the aquifer pumping
test results are more representative of the Upper Zone Aquifer characteris-

tics.

3.4.2 Goodland/Walnut Aquitard

The ground water present in the alluvium is separated from the
aquifers below by the low permeability limestones and shales of the Goodland
Limestone and Walnut Formation. The aquitard is composed of moist clay and
shale layers interbedded with dry limestone beds. Though the Formations are
primarily dry, drillers in the area report that small amounts of water enter
the borehole while drilling through the Walnut Formation, suggesting that
ground water may be moving through the Walnut Formation along bedding planes
(Hargis and Associates, 1985). The thickness of the Goodland/Walnut aquitard
is approximately 30-40 feet beneath the Flightline Area at Carswell AFB. This
thickness is based on two monitor wells drilled through the aquitard and
completed in the Paluxy Aquifer during the initial Stage 2 study (Radian,
1989). However, the top of the aquitard is an erosional surface and erosion
may have reduced the thickness of the limestone or eroded it entirely in
isolated areas, (e.g., at AF Plant 4 beneath Building 189 along Grants Lane,
the Goodland Limestone is completely absent and only three feet of the Walnut

Formation are present (Hargis and Associates, 1985)).

3.4.3 Paluxy Aquifer

The Paluxy Aquifer, the areal extent of which is shown in Figure 3-
13, is the shallowest bedrock aquifer underlying Carswell AFB. In the

Carswell AFB area, water in the uppermost part of the Paluxy Formation would
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naturally occur under confined conditions beneath the Goodland/Walnut aquitard
(except where the aquitard has eroded away, as discussed above). However,
extensive ground-water pumping in the Fort Worth area, including the City of
White Settlement, has lowered the Paluxy Aquifer potentiometric surface below
the top of the formation, resulting in unconfined conditions beneath the base.
Water-level measurements taken in the Flightline Area Paluxy wells (P-1 and
P-2), found the water level to be about five feet below the top of the for-
mation, or about 75 feet below land surface. With the Paluxy Formation having
an upper and lower sand member, and the lower member having larger grain size
and higher permeability, most water wells are completed in the lower section

of the Paluxy Aquifer.

Recharge to the Paluxy Aquifer occurs where the formation crops out
west of Carswell AFB in the AF Plant 4 area. The Paluxy Formation also crops
out north of the base in the bed of Lake Worth. The lake is a major recharge
point for the aquifer and creates a potentiometric high in its vicinity.
Regional ground-water flow within the Paluxy Aquifer is southeastward in the
direction of the regional dip. At Carswell AFB, ground-water flow is in-
fluenced by recharge from Lake Worth, which creates a potentiometric high, and
by ground-water withdrawals by the community of White Settlement. This
drawdown results locally in a more southerly flow direction within the Paluxy

Aquifer.

Transmissivities in the Paluxy Aquifer range from 1,263 to 13,808
gallons per day per foot (gpd/ft), and average 3,700 gpd/ft (CH2M Hill, 1984).
The Paluxy Formation thickness ranges from 140 to 190 feet, averaging 160 feet
in Tarrant County. The actual water-bearing thickness in the Carswell AFB
area probably approximates the formation thickness, but the aquifer is
separated into two distinct water-bearing zones, denoted as the upper and
middle/lower Paluxy. In some cases, the middle and lower Paluxy are also
separated by low-permeability layers. The Paluxy dips uniformly at a rate
ranging from 35 to 40 feet per mile and averaging 37 feet per mile. It is
encountered at increasing depths eastward, reaching a maximum depth of about
900 feet. During the Phase II Stage 1 Flightline Area investigation (Radian,

1986), short-term aquifer tests (pumping and recovery) were conducted in the
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Paluxy Aquifer monitor wells P-1 and P-2. Recovery test data analysis
indicates the transmissivity of the upper Paluxy is approximately 1750 gallons

per day per foot (235 square feet per day).

3.4.4 Glen Rose Aquitard

Below the Paluxy Aquifer are the fine-grained limestone, shale,
marl, and sandstone beds of the Glen Rose Formation. The thickness of the
formation in the vicinity of Carswell AFB reportedly ranges from 250 to 450
feet. Although the sands in the Glen Rose Formation yield small amounts of
water to wells in Fort Worth and western Tarrant County, the relatively
impermeable limestone is an aquitard restricting water movement between the

Paluxy Aquifer above and the Twin Mountains aquifer below.

3.4.5 Twin Mountains Aquifer

The Twin Mountains Formation is, geologically, the oldest formation
used for water supply in the Carswell AFB area. The formationm occurs ap-
proximately 600 feet below Carswell AFB. The thickness of the formation

ranges from 250 to 430 feet.

Recharge to the Twin Mountains Aquifer occurs west of Carswell AFB,
where the formation crops out. Ground-water movement is eastward in the
downdip direction. Like the ground water in the Paluxy Aquifer, Twin
Mountains ground water occurs under water-table conditions in the recharge
area and becomes confined as it moves downdip. Transmissivities in the Twin
Mountains Aquifer range from 1,950 to 29,700 gpd/ft and average 8,450 gpd/ft
in Tarrant County. Hydraulic conductivities range from 8 to 165 gpd/ft? and
average 68 gpd/ft? in Tarrant County (CH2M Hill, 1984).
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 investigation (1984-85)
detected concentrations of TCE and other halogenated hydrocarbons in the Upper
Zone ground water in the vicinity of the flightline. In addition, con-
centrations of several metals exceeded federal drinking water standards in the
ground water. During Stage 2 (1987-88), additional work was done to define

the extent of the known contaminants present in the Flightline Area.

The primary objective of the addition (Modification 0004) to the
original Stage 2 Statement of Work was to further characterize the nature and
extent of various contaminants in the Upper Zone ground water beneath the
Flightline Area. Specifically, the goal was to define the eastern and western
boundaries of the known TCE plume under the Flightline Area, and to collect
additional data such that a remedial action could be designed and implemented.
In addition, an attempt to determine more conclusively the limits of the known

inorganic contamination in the various Flightline Area sites was undertaken.

4.1 Quality Assurance/Quality Control

A primary data set, consisting of analytical results for organic
and inorganic compounds in ground and surface water, was collected to charac-
terize ground and surface waters at Carswell AFB and to determine if these
waters were contaminated. A quality assurance/quality control (QA/QC) program
was incorporated in the data collection effort to control and assess the

uncertainty of measurement results.

The uncertainty in the measurement of a chemical concentration in
an environmental sample may be broadly divided into components that may be
controlled by a laboratory and components that may not be controlled by a
laboratory. For example, error due to the analytical method (method error)
may be controlled by analyzing the appropriate quality control (QC) samples
and using the results as feedback for corrective actions. Error due to the
nature of the sample media (matrix effects) may not be controlled, so QC

samples are analyzed to assess total uncertainty and provide uncertainty
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estimates to be used during the interpretation of natural sample results.

Therefore, the collection and analysis of quality control samples during the
Carswell AFB program served two objectives: (1) to evaluate and control the
laboratory component of measurement error; and (2) to evaluate error related
to sample variability and matrix effects and ultimately assess total measure-

ment uncertainty.

The approach used to accomplish these objectives is described in
Section 4.1.1, along with a general summary and conclusion of the results of
the quality control sample analyses. A discussion of the QC results, in
regards to the analytical system, is presented in Section 4.1.2. A discussion
of the QC results, in regards to total measurement error due to the environ-
mental matrix is presented in Section 4.1.3. A discussion of sample collec-
tion documentation, including chain-of-custody, sample hold times, and use of
standard forms is presented in Section 4.1.4. Detailed QC results are

presented in Appendix H.

4.1.1 QA/QC Approach and Summary

The goals of the QA/QC program were to ensure control over the
measurement process in the laboratory and to collect data to assess total
measurement error (i.e., non-controllable error due to matrix effects or
sample collection). The quality of the measurement program was also enhanced
through the use of standard analytical methods, standardized data collection
forms, chain-of-custody procedures, and standard sample hold times. The
reference analytical methods used on this project are identified in Table 4-1.
Quality control requirements described in the reference methods and the
approved Carswell AFB Quality Assurance Project Plan (QAPP) were followed for

all analyses.

QC samples used to control and/or assess measurement error included
blanks, spikes, and replicates. A glossary of QC sample types is presented in
Table 4-2. Analysis of these QC samples provided information related to

contamination (false-positives), bias, and variability, respectively. The
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TABLE 4-1. STANDARD METHODS USED FOR CHEMICAL ANALYSES

IRP Test Name Radian Code IRP Code
Purgeable Halocarbons 601EWO01 E601
Arsenic ASGSWAO00 SW7060
Chloride (Titrimetric, Mercuric Nitrate) CLTEWNOO E325.3
Fluoride, Potentiometric, ION Selective Electrode F_SEWAOQ0 E340.2
Total Recoverable Petroleum Hydrocarbons HCTEWNOO E418.1
Mercury (cold vapor, manual) HGC_WNOO E245.1
Inductively Coupled PLASMA (ICP) Metals Screen ICPSWNOO SW6010
Nitrate ION NO3EWA00 E353.2
Orthophosphate OPOEWNOO E365.2
Lead (Furnace) PBGSWAOO SW7421
Selenium SEGSWA00 SW7740
Sulfate by Nephelometry SFN_WNOO SW9038
Filterable Residue (Also known as Total Dissolved TDSEWNOO E160.1
Solids)
Nitrate ION NO3EWNOO E353.2
Purgeable Aromatics 602EW001 E602
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TABLE 4-2. GLOSSARY OF QC SAMPLE TYPES

Blanks

Equipment Rinse

Trip

Ambient Condition

Replicates
Field Duplicates

Spikes

Matrix/spike/matrix
spike duplicates
(MS/MSDs)

Surrogate

A water rinse of sampling equipment between sample
locations to quantitate cross-contamination.

Reagent grade water sealed in VOA vials in the
laboratory, transported to the field and back to
the laboratory with natural samples to quantitate
shipment and laboratory storage contamination.

Reagent grade water poured into sample vials in the
field and allowed to sit open to the ambient air
for a specified period to quantitate air-borne
contamination.

Samples split in the field into two containers and
submitted blind for analysis, to quantitate natural
variability of constituents in a specific matrix.

Known quantities of target analytes are introduced
into a split of the sample before preparation. A
MS/MSD pair is performed at a minimum frequency of
5% or one per batch of less than 20 samples. Used
to quantitate bias and imprecision in analytical
results due to the natural matrix.

Known quantity of a compound that is not expected
to occur naturally in the sample. All samples to
be analyzed for organic constituents are spiked
with surrogate compounds. Used to quantitate bias
in analytical results for classes of compounds.
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approach to using these QC samples to control laboratory performance and

assess total measurement error is described in the following sections.

Approach and Summary of Laboratory Matrix QC Efforts

The QA effort to control and assess analytical error consisted of
QC samples, analyzed along with natural samples, and a prescribed set of
corrective actions to implement when error exceeded data quality objectives.
Thus, a feedback mechanism was used which enabled the lab to continuously
monitor bias and imprecision in a laboratory matrix. Types of QC samples with
acceptance criteria and limits, as well as the prescribed corrective actions,
were presented in Table 1.10-1 of the approved QAPP. The QC samples used to
control precision and accuracy in the laboratory matrix included continuing
calibration control samples, laboratory quality control check (QCCS) samples,
and for metals by SW6010 (ICAP), ICP interference check samples. Data quality
objectives for laboratory-controllable parameters during this program were
presented in Table 1.4-1 in the approved QAPP, in terms of precision and ac-

curacy, and are reproduced in this document as Table 4-3.

In summary, the analytical system was in control for all analyses.
Quality control check samples (QCCS) or continuing calibration check samples
were always used as a final analysis if there was a concern about system

control.
Laboratory blanks indicate a potential for false-positive results

due to laboratory contamination. Maximum concentrations found in lab. blanks

are presented below with specific analytes:
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TABLE 4-3. PRECISION AND ACCURACY OBJECTIVES FOR THE LABORATORY MATRIX

Parameter

Method

Precision®

Accuracyb

Total Petroleum
Hydrocarbons

Metals Screen
(23 metals)

Arsenic

Lead

Mercury

Selenium

Volatile
Halocarbons

Volatile Aromatics
Chloride
Sulfate
Fluoride

Total Dissolved
Solids

EPA 418.1-1IR

SW846 6010-ICP

(modified)

SW846 7060
Furnace AA

SW846 7421
Furnace AA

SW846 7471

Cold Vapor AA

SW846 7740
Furnace AA

EPA 601

EPA 602
EPA 325.3
SW846 9038
EPA 340.2
EPA 160.1

Not specified

20%
20%
20%
20%
20%
50%

50%
15%
15%
108
208

Not specified

*15%

*15%

*15%

+20%

+15%

+30% to 110%°

+4% to 65%°

+15%
+10%
+10%
+15%

Coefficient of variation (relative standard deviation) for replicate

determinations (exclusive of sampling variability).

Total error for a single measurement, including both systematic error
(bias) and random error (variability due to imprecision), expressed as a

percentage of the measured value.

Range of relative error for species of interest, based on EPA method

validation testing.

See method for further explanation.
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. EPA 601

. EPA 325.3
. SW6010

. EPA 365.2
. SW7421

Tetrachloroethene
Trichloroethene
Chloride
Aluminum
Beryllium
Copper

Nickel

Silver
Strontium
Vanadium

Zinc
Orthophosphate
Lead

O O O © O © O © © © = = O

r-e

¢

.17 pg/L;
-3 pg/L;

.5 mg/L;
.53 mg/L;
.0023 mg/L;
.053 mg/L;
.021 mg/L;
.051 mg/L;
.0047 mg/L;
.025 mg/L;
.044 mg/L;
.012 mg/L; and,
.0099 mg/L.

A more detailed discussion of laboratory matrix QC samples is

provided in Section 4.1.2.

Approach and Summary of Environmental Matrix QC Efforts

Total measurement error includes components of error associated

101

with matrix effects (recovery), lack of homogeneity in the matrix (variabilit-

y), and sample collection (variability and contamination).

expressed in terms of bias, measured by matrix and surrogate spike results;

Total error may be

imprecision, measured by matrix spike duplicate and field duplicate results;

and contamination, measured by field blanks such as ambient condition and

equipment rinse blanks.

Imprecision may be expressed in terms of the pooled

coefficient of variation (CV) for matrix spike duplicate and field duplicate

results.

an established concentration level above the detection limit, whereas con-

Matrix spike duplicate results allow for estimates of imprecision at

centrations of target analytes in field duplicate samples may vary widely or

even be not detectable.

In summary, field blanks indicated a potential for false-positive

results due to field contamination.

Generally, field blanks contained very

low concentrations for common organic and inorganic compounds. Natural sample

4-7




w3 1902

results near laboratory and field blank concentrations may considered false-
positive results. Estimates of imprecision and bias are presented in Section
4.1.3.

Approach and Summary of Sample Collection QC Efforts

The QA effort to control and/or evaluate sample collection error
consisted of using standard sample collection methods, standard sample holding
times until analysis, standard forms to document sample collection and chain-
of-custody, along with trip blanks to quantitate bias (i.e., contamination)
due to sample handling, shipment or storage. The standard forms used at
Carswell AFB originated with the Air Force IRP program and may be found in the
data collection handbook. Chain-of-custody forms are presented as Figure 1.6-

2 in Section 1.6.1 of the QAPP.

A feed-back mechanism to control sample collection error was not
possible for the Carswell project because field teams finished sample collec-
tion before sample analysis was complete. While there were some inconsisten-
cies in hold times for trip blanks and signatures on chains-of-custody, no
sample results were invalidated. A discussion of the completeness of sample

collection QC efforts is presented in Section 4.1.4.

4.1.2 Laboratory Matrix QC Sample Results

Bias and imprecision in results is most controllable for the
analytical system because QC samples may be analyzed along with natural matrix
samples and a batch reanalyzed if QC samples indicate the system is out of
control. As discussed in Section 4.1.1, and the QAPP, data quality objec-
tives, Table 4-3, are for QC samples using reagent water as the matrix.
Results for samples in natural matrices would not be expected to be as
unbiased nor precise. If imprecision or bias exceed these data quality
objectives, then the analytical system is out of control and must be cor-
rected, and affected samples reanalyzed. Bias due to laboratory contamination
is not included in Table 4-3. Generally, any systematic contamination for

laboratory sources is not allowed. However, the presence of some common lab
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contaminants is allowed and corrective action is taken only when concentra-

tions reach a significant level as directed in the QAPP.

Instrument calibrations were performed according to laboratory
standard operating procedures (SOPs) which reference the standard methods
specified in the QAPP. One problem occurred with the calibration curve for a
gas chromatograph (GC) used for 601 analyses. This problem was documented in

the ITIR and the solution and a discussion are represented here.

As pointed out in the ITIR, this problem does not invalidate any
sample results for samples analyzed by Method 601 and does not make this
project incomplete. The calibration curve for Method 601 analyses on instru-
ment "B" was not within specifications. The fifth, and highest, calibration
point (30 ppb) was inaccurate and thus caused results to be biased high. To
solve this problem, data generated on instrument "B" for 601 analyses was
recalculated using a four point calibration curve, dropping the 30 ppb
calibration point, with the new highest point of 15 ppb. New reports were
issued and affected results flagged. Second column confirmation need be only
qualitative for Carswell AFB analyses, so these results (i.e., Instrument B
data) will be used solely for second column confirmation. Results for
instrument "5" were considered the "primary" result and site evaluations will

be based on this quantitation.

QC sample results for organic methods are used internally by the
laboratory to determine if the analytical system remains in control. These
results are not reported. Since these results are used as a feedback mechan-
ism on system control and not to evaluate total bias or imprecision after
reporting, it is the laboratory's responsibility to maintain system control.
For this discussion it is assumed all samples were analyzed by Method 601 and

Method 602 when the system was in control.
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4.1.2.1 Laboratory Matrix Blanks

A list of analytes detected in laboratory matrix blanks is presen-
ted in Table 4-4 with a count of the number of times detected and maximum
concentrations. Generally, there is little concern for false-positive results
due to laboratory contamination. However, for the analytes listed in Table 4-
4, it is possible for sporadic false-positive results. Corrective actions
outlined in the QAPP were followed regarding laboratory contamination.
Therefore, no sample results were invalidated due to laboratory contamination.
Summary and detailed results for all blanks are presented in Table 1 and Table

2 of Appendix H, respectively.

4.1.2.2 Laboratory Matrix Spikes

Continuing calibration and quality control check samples (QCCS)
check samples were used to determine if the analytical system was in control
for methods by AA, ICAP, or cold-vapor graphite furnace AA; fluoride, chlor-
ide, total hydrocarbons, orthophosphate, and total dissolved solids. Results
of these samples are presented in Table 4-5. Detailed results are presented
in Table 3 of Appendix H. A comparison of Table 4-5 to data quality objec-
tives (DQOs) from Table 4-3, indicates the analytical system was in control
for these analyses. Interference check samples were also analyzed for metals
analyzed by Method SW6010, metals by ICAP. Acceptance criteria for inter-
ference check samples are recovery + 20% of true concentration. Results
indicate generally there was little interference and error was less than data
quality objectives. Iron results indicated greater interference error than
expected. The calculated mean recovery and coefficient of variation (CV) for

iron was mean = 77% and CV = 24.6%, respectively.

Blank spike QC samples (i.e., method spikes) were also used to
monitor the analytical system for bias and imprecision. Blank spikes are
reagent grade water, spiked with known concentrations of a specified analyte
and the sample taken through the preparation described for the appropriate

method. Blank spike analyses were performed for metals by AA and ICAP,
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TABLE 4-5. SUMMARY OF QUALITY CONTROL CHECK SAMPLE (QCCS) RESULTS,
CARSWELL AFB, TEXAS

Number of Mean 2 Precision Accuracy Mean
Parameter Samples Recovery CV (1) Relative Error (+1)
ARSENIC BY SW7060
Continuing Calibration Control Sample
Arsenic 53 95.9 4.5 5.0
Laboratory Control Sample (QCCS)
Arsenic 2 80.3 5.8 9.7
CHLORIDE, BY TITRATION
Continuing Calibration Control Sample
Chloride 15 87.5 1.2 2.5
FLUCRIDE BY EPA 340.2]
Continuing Calibration Control Sample
Fluoride 17 86.4 3.6 4.2
HYDROCARBONS, TOTAL E418.1
Continuing Calibration Control Sample
Hydrocarbons 4 93.6 3.8 6.4
MERCURY BY COLD VAPGOR
Continuing Calibration Control Sample
Mercury 50 96.7 13.6 5.4
ICP 25 ELEMENT SCAN
Continuing Calibration Control Sample
Aluminum 41 101.3 2.6 2.3
Antimony 38 101.3 2.9 2.3
Arsenic 40 103.1 2.8 3.6
Barium 39 99.8 3.2 2.6
Beryllium 43 100.8 4.1 3.8
Boron 38 99.8 3.9 3.2
Cadmium 40 103.7 4.3 5.4
Calcium 38 104.3 2.2 4.3
Chromium 41 100.8 2.7 2.2
Cobalt 36 102.2 2.8 3.1
Copper 40 102.7 3.8 4.1
Iron 40 98.8 2.1 1.9
Lead 3as 104.0 4.0 5.1
Magnesium 39 100.5 2.5 2.0
Manganese 41 103.6 3.1 4.3
Molybdenum 3s 99.0 3.2 2.9
Nickel as 102.9 2.9 3.5
Potassium 42 100.7 2.5 2.2
Seleniuum 41 103.1 2.3 3.3
Silicon 42 101.5 3.5 3.1
Silver 36 101.4 4.3 3.9
Sodium 40 101.8 12.3 4.0
Strontium 44 100.2 2.7 2.3
Thallium 41 100.4 2.9 2.4
Vanadium 41 102.5 3.1 3.7
Zinc 38 103.9 2.4 4.0
ICP Interference Check Sample
Aluminum 17 92.7 6.0 7.7
Barium 26 103.8 2.3 3.8
Beryllium 27 104.4 2.4 4.5
Cadmium 28 102.9 2.2 3.1
Calcium 17 82.6 15.7 17.6
Chromium 28 104.6 2.7 5.0
Cobalt 28 107.3 3.4 7.7
Copper 28 105.0 4.1 5.9
Iron 17 77.0 24.6 24.3
Lead 30 104.5 4.6 5.6
Magnesium 17 88.1 10.0 12.2
Manganese 27 102.7 4.9 4.7

(Continued)
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Number of Mean I Precision Accuracy Mean
Parameter Samples Recovery CV (2) Relative Error (+1)

Nickel 28 102.2 3.9 3.8
Silver a0 101.7 4.4 4.1
Vanadium 30 99.6 6.2 4.3
Zinc 28 106.2 3.4 6.7

Initial Calibration Control Sample
Aluminum 2 100.4 1.3 .9
Barium 2 101.0 .3 1.0
Beryllium 2 101.3 .3 1.3
Cadmium 2 97.2 .8 2.8
Calcium 2 101.8 .1 1.8
Chromium 2 100.6 .2 .6
Cobalt 2 9g9.2 .6 .8
Copper 2 92.9 .2 7.1
Iron 1 104.3 4.3
Lead 2 101.2 2.6 1.9
Magnesium 1 101.5 1.5
Manganese 2 85.5 .5 14.5
Nickel 2 100.1 2.4 1.7
Silver 2 92.2 .2 7.8
Vanadium 2 90.9 .2 9.1
Zinc 2 97.7 .2 2.3

Laboratory Control Sample (QCCS)
Aluminum 2 96.9 .5 3.1
Antimony 2 94.5 3.7 5.5
Arsenic 2 117.0 .0 17.0
Barium 2 99.0 .0 1.0
Beryllium 2 100.3 1.0 7
Boron 2 99.0 1.4 1.0
Cadmium 2 97.4 .9 2.6
Calcium 2 100.0 1.4 1.0
Chromium 2 98.3 LA 1.8
Cobalt 2 g97.9 .1 2.1
Copper 2 97.8 L4 2.3
Iron 2 86.3 1.9 3.7
Lead 2 g98.8 1.1 1.2
Magnesium 2 86.6 1.6 3.4
Manganese 2 97.4 .6 2.6
Molybdenum 2 97 .4 .7 2.6
Nickel 2 98.4 .9 1.7
Potassium 2 g85.5 3.1 4.5
Selenium 2 101.5 .7 1.5
Silicon 2 g2.9 5.3 7.1
Silver 2 92.0 4.7 8.0
Sodium 2 94 .6 .6 5.4
Strontium 2 98.9 .2 1.2
Thallium 2 96.8 1.8 3.3
Vanadium 2 95.9 .2 4.1
Zinc 2 99.1 1.3 .9

NITRATE BY E353.2

Continuing Calibration Control Sample
Nitrate 20 99.7 4.4 3.6

ORTHOPHOSPHATE

Continuing Calibration Control Sample
Orthophosphate 22 99.0 3.3 2.5

LEAD BY SW7421

Continuing Calibration Control Sample
Lead 56 103.2 4.3 4.6

Laboratory Control Sample (QCCS)
Lead 2 108.3 2.2 8.3

(Continued)




TABLE 4-5 (Continued)

va 1)8

Number of Mean Z Precision Accuracy Mean
Parameter Samples Recovery CV (Z) Relative Error (+Z)

SELENRTUM BY SW7740
Continuing Calibration Control Sample

Selenium 46 97.6 5.6 5.1
Laboratory Control Sample (QCCS)

Selenium 1 90.0 10.0
SULFATE
Continuing Calibration Control Sample

Sulfate 13 98.6 2.4 2.2
TOTAL DISSOLVED SOLIDS
Laboratory Control Sample (QCCS)

Total Dissolved Solids 6 100.6 3.5 2.5
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chloride, fluoride, hydrocarbons, nitrate and orthophosphate. A summary of
results for these QC samples is presented in Table 4-6. Surrogate spikes were
also added to blank spike samples. Surrogate recoveries are presented in
Table 4-7. Detailed results are presented in the laboratory QC matrix section
of Table 4 of Appendix H. Results for all blank spikes except antimony were
within the QAPP specified acceptance criteria for recovery. Ten of the 14

antimony sample results were slightly below 75% recovery.

Laboratory QC samples (blanks, method spikes, etc.) for EPA 601 and
EPA 602 analyses were spiked with the surrogate compound l-bromo-4-fluoroben-
zene. For Method 601, halocarbons by GC, surrogate spike recoveries for
laboratory QC samples indicate a bias towards high recovery with little
imprecision. Six of 79 recoveries were greater than acceptance criteria
limits of 140%. For Method 602, aromatics by GC, surrogate spike recoveries
for laboratory QC samples indicate little bias or imprecision. All recoveries

were within acceptance criteria of 40% to 140%.

Laboratory Matrix Replicates

Analytical duplicates (i.e., duplicate analysis of the same
prepared sample at the instrument) were used to determine if the imprecision
associated with the analytical system was in control relative to precision
objectives. Results of analytical duplicates indicated slightly greater
variability, as estimated by coefficient of variation (CV), than expected for

the following an&iytes:

. Nickel (SW6010) - 24%;

. Lead (SW7421) - 47%;

. Selenium (SW7740) - 51%;

. Orthophosphate (E365.2) - 28%.

Results of analytical duplicates are summarized in Table 5 of

Appendix H.

4-15
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4.1.3 Environmental Matrix QC Sample Results

Measurement bias and imprecision are confounded with envirommental
variability in natural matrix samples. Since environmental variability (eg.
non-uniform distribution of pollution, variation in natural background
concentrations over space and time, etc) will not be adequately characterized,
measurement error and bias may be quantified but not controlled. Also,
generally sample analyses are performed after field teams have finished at the
site, so timely re-sampling is not an option. Therefore, the following
results are used to qualify interpretations, not to validate procedures or
sample results. Acceptance criteria as specified in Table 1.10-1 of the QAPP
are used throughout this discussion as an indication that bias and imprecision
are normal or abnormal based on historical analyses. Generally, the QAPP
specified corrective action for results outside acceptance criteria is to flag
data and assume matrix interference. Five types of QC samples were used on
the Carswell project to quantify measurement bias and imprecision that is

confounded with environmental variability. These five QC sample types are:

. Matrix spikes (quantify bias);

. Surrogate spikes (quantify bias);

. Matrix spike duplicates (quantify imprecision);

. Predigestion duplicates (quantify imprecision due to matrix,

preparation and analytical effects); and

. Field duplicates (quantify imprecision due to sampling,

matrix, preparation and analytical effects).

False-positive results due to wind-blown contamination or cross-
contamination from using non-dedicated sampling equipment are possible during
any sampling effort. Field blanks are used to identify and estimate the

quantity of contamination that may be associated with sampling efforts.

4-19
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Ambient condition and equipment blanks were used during the Carswell ground-

water program.

Contamination, bias and imprecision are discussed in following
sections by QC sample type. Results that exceeded expectations base on
historical laboratory bias and imprecision estimates are discussed for

appropriate methods.

Field Blanks

A synopsis of the results for compounds detected in field blanks
and the maximum concentration detected are presented in Table 4-8. All
results for field blanks are summarized and presented in detail in Table 1 and

Table 2 of Appendix H, respectively.

Spikes

Analytical, matrix and surrogate spikes were used to evaluate bias
on the Carswell project. Analytical spikes are added after preparation,
immediately before analysis, so only bias and imprecision due to the matrix,
or analyst's error, is quantified. Matrix spikes are added to the sample
before preparation and provide information about total matrix effects. Bias
and imprecision estimates from matrix spikes include method preparation error.
Analytical spike results should complement results of matrix spike studies
regarding error due to the natural matrix. Surrogate spikes are known
concentrations of compounds not expected to be found naturally in samples,
added to samples. Surrogate recoveries indicate potential bias in recovery
for classes of compounds. The corrective action for results outside accep-
tance criteria for all types of spike results is to recheck calculations and

if an error is not found, assume a matrix effect.
Detailed spike results are presented in Table 4 (detailed results)

of Appendix H. Results of these QC samples are discussed below for both

ground-water and surface water matrices.
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4.1.3.1 Ground-Water Matrix

Generally, spike recoveries were within expected limits. Matrix
spike and surrogate spike recoveries are presented in Table 4-9 and Table

4-10, respectively. Exceptions are discussed below by spike type and method.

Arsenic by SW846 Method 7060 -- Matrix spike recoveries for arsenic

indicate little overall bias but imprecision. Three recoveries were below
acceptance criteria limits and one recovery above criteria limits. Mean
recovery (standard deviation) for 20 matrix spiked samples was 91% (32%).
Analytical spike recoveries for arsenic were also biased. Seven out of 144

analytical spike recoveries were less than the 75% acceptance criteria.

Lead by SW846 Method 7421 -- Matrix spike recoveries for lead by

SW7421 indicate little bias but fair imprecision. Two sample recoveries out
of 20 samples were below the lower acceptance criteria limit of 75% and six
recoveries out of 20 were above upper limits of 125%. Mean (standard devia-
tion) recovery was 107% (32%). Analytical spike recoveries also indicated
bias and imprecision. Twenty-six of 144 analytical spikes were greater than
the analytical spike acceptance criteria of 125%. QCCS and/or continuing
calibration check samples were analyzed after the out-of-control spikes to
prove the system was in control. Recoveries were within limits for these QC
samples, so the laboratory assumed matrix effects influenced recovery and no

samples were reanalyzed.

Selenium by SW846 Method 7740 -- Analytical spikes for selenium

indicated bias and imprecision. Thirty-four of 144 analytical spikes had
recoveries less than the lower acceptance criteria of 75%. Analysis of QCCS
and/or continuing calibration check samples indicated the system was in
control and so matrix effects were assumed to cause recoveries less than the

minimum acceptance limit.

4-22
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Metals by SW846 Method 6010 (ICAP) -- Matrix spike recoveries for

several metals by SW6010 indicated some bias and imprecision. Silicon
recoveries were most heavily biased and imprecise (mean (standard deviation) =
177% (170%)) with eight of 20 recoveries greater than the acceptance limit of
125%. Calcium spike recoveries indicate calcium recoveries are biased low and

are imprecise.’

Nitrate by EPA Method 353.2 -- Matrix spike recoveries for nitrate
by E353.2 indicate little bias but slightly greater imprecision than expected.
Mean (std. dev.) recovery was 98% (22%). Three of 21 recoveries were below
the lower acceptance criteria of 80% and four recoveries were greater than the

upper acceptance criteria of 120%.

Halocarbons by EPA 601 -- Surrogate spike results for samples

analyzed for halocarbons by EPA 601 indicate bias towards high recovery for 1-
bromo-4-fluorobenzene. Mean recovery was 120% with six of 87 sample recoveri-

es were greater than the acceptance criteria limit of 140%.

4.1.3.2 Surface Water Matrix

Generally, spike recoveries were within expected limits. Matrix
and surrogate spike recoveries are presented in Table 4-11 and Table 4-12,

respectively. Exceptions are discussed below by spike type and method.

Aromatics by EPA 602 -- Ten samples were spiked with the surrogate

1-bromo-4-fluorobenzene. Recoveries indicate a bias towards low recovery and
high imprecision. Five recoveries were below acceptance criteria limits of

40%. Mean (standard deviation) percent recovery was 70% (52%).

Lead by SW846 Method 7421 -- Analytical spike recoveries for lead

indicated bias and imprecision. Fourteen out of 24 samples had recoveries
greater than the upper acceptance criteria of 125%. Analysis of QCCS and/or
continuing calibration check samples indicated the system was in control and

so no samples were reanalyzed.
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Selenium by SW846 Method 7740 -- Analytical spike recoveries for

selenium indicated bias and imprecision. Ten out of 24 samples had recoveries

less than the lower acceptance criteria of 75%.

Field QC Water Matrix

Spike recoveries were within expected limits. Matrix and surrogate

spike recoveries are presented in Table 4-13 and Table 4-14, respectively.

Field and Matrix Duplicates

Variability can be assessed against several components of a sam-
pling effort. For Carswell, sampling and analytical variability are the
primary components of total variability. Since samples were collected over a
short time period, temporal variability is assumed to be negligible. Also,
the water systems are assumed to be fairly homogeneous at each location
throughout the base, so spatial variability for any duplicate pair is assumed
to be negligible. Using these assumptions, total variability is the variabil-
ity due to the sample effort and analytical effort combined and as such
indicate total measurement imprecision. Standard deviations and CVs for field
duplicates and matrix spike duplicates are pooled to estimate total variabili-
ty as a pooled standard deviation (pooled std. dev.) or pooled coefficient of

variation (pooled CV).

Variability due to the analytical method can be estimated using
predigestion duplicates. Although variability for these duplicates would
include natural matrix effects as well as method preparation and analysis
effects, comparison of predigestion duplicate results to field duplicate
results and matrix spike duplicate results can provide information about the

analytical system.

Total variability is discussed below for each method by matrix.
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Ground Water

Generally, total variability for ground water was as expected.
Little information was available from field duplicates since many analytes
were not detected in samples. Also as expected, variability estimates
indicate greater relative variability when concentrations are near detection
limits and lesser relative variability when concentrations are significantly
greater than detection limits. Methods or analytes with large variability are

discussed below. Summarized results are presented in Table 5 of Appendix H.

Arsenic by SW7060 -- Sixteen pairs of matrix spike duplicates were

analyzed for arsenic by Method SW7060. Variability was approximately 26% with
four matrix spike results outside acceptance criteria. Results outside
criteria suggest that although the average variability (pooled CV) was

reasonable, results may sporadically be more imprecise than expected.
Two predigestion duplicate pairs were analyzed by SW7060 for
arsenic. Mean recoveries ranged from "not detected" to 0.033 mg/L. Variabil-

ity (expressed as CV%) was 33%.

Mercury by E245.1 -- Twelve field duplicate pairs were analyzed for

mercury by Method E245.1. While variability was fairly high, pooled CV = 60%,
it was not unreasonable because concentrations were very near detection
limits. Results ranged from "not detected" to 0.0044 mg/L, concentrations at

which relative variability is very great as compared to absolute variability.
Sixteen matrix spike duplicate pairs were analyzed for mercury by
E245.1. Mean recoveries ranged from 87.5% to 105%. Variability was ap-

proximately 5%.

Lead by SW7421 -- Twelve field duplicates were analyzed for lead by

Method SW7421. Mean concentrations ranged from both samples "not detected" to
0.81 mg/L. Variability (CV%) was 45%. Since these results are near the
detection limit it is not unexpected for relative variability to be higher

than expected.
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Sixteen matrix spike duplicate pairs were analyzed for lead by
Method SW7421. Mean percent recoveries were widely variable ranging from 23%

to 132% with a pooled CV of 32%.
Two predigestion duplicate pairs were analyzed by SW7421 for lead.
Mean recoveries ranged from 0.012 mg/L to 0.079 mg/L. Variability (expressed

as CVs) was 89s%.

Apparently, matrix affects contribute to variability but affect

measurement imprecision less than overall variability.

Selenium by SW7740 -- Sixteen matrix spike duplicate pairs were

analyzed for selenium by Method SW7740. Mean recoveries ranged from 39% to
96% with a pooled CV of 52%. At least one matrix spike recovery was less than
acceptance criteria, thus increasing variability. Imprecision is assumed to

be solely due to matrix effects.

Hydrocarbons by E418.1 -- Four field duplicate pairs were analyzed

by Method E418.1 for hydrocarbons. Variability was greater than expected at
42%. However, mean concentrations ranged from "not detected" to only 8.5
mg/L. This relative variability may be due to concentration variability near

the detection limit.

Two matrix spike duplicate pairs were analyzed for hydrocarbons by

Method E418.1. Mean recoveries ranged from 88% to 90% with 7% variability.

Nitrate by E353.2 -- Three field duplicates were analyzed for
nitrate by Method E353.2. Total variability was 41% for means ranging from
0.095 mg/L to 0.740 mg/L.

Surface Water

Where data was available, total variability for surface water was
as expected. Little information was available from field duplicates since

many analytes were not detected in samples. Matrix spike duplicates were not
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requested for surface water samples. Variability estimates indicate greater
relative variability when concentrations are near detection limits and lesser
relative variability when concentrations are significantly greater than
detection limits. Methods or analytes with large variability are discussed

below. Summarized results are presented in Table 5 of Appendix H.

"Lead by SW7421 -- Two field duplicate pairs were analyzed for lead

by Method SW7421 in surface water. Concentrations were very near detection

limits and as expected relative variability was high (CV = 42%).

Metals by SW6010 (ICAP) -- Two field duplicate pairs were analyzed

for metals by SW6010. Total variability could not be estimated for several
analytes because of "not detected” results for all samples. Of the analytes
that were detected, variability (expressed as CV$) ranged from 1% for stron-
tium to 132% for chromium. As expected variability was greatest for analytes

with concentrations near the detection limit.

Nitrate by E353.2 -- One field duplicate pair was analyzed by

Method E353.2 for nitrate in surface water. Variability was 116%.

4.1.4 Sample Collection Quality Control

The QA effort for sample collection was successful and data capture
complete. No samples were invalidated. Standard forms, methods, chain-of-
custody and hold times were generally followed as specified. However, some

chains-of-custody were not signed by the laboratory recipient.

4.1.4.1 Standard Forms

Standard forms taken from the Air Force IRP program were used to
log sample collection. Standard, bound, log books (used to log field data
associated with samples) and chain-of-custody forms (used to document custody
of samples from time of collection to reporting analytical results) were used
as specified in the QAPP. A discussion of the completeness of the sampling

follows. Sample log forms were used to record sample inventory data (eg.
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location data, sample type, matrix, etc.). This data was entered into the
project database and the forms archived by the project geologist. Chain-of-
custody forms were filled out at the time samples were shipped from the field
to the lab and specified analyses to be performed on each sample, the relin-
quishing field team member, and the recipient for the laboratory. Some chain-
of-custody forms were not signed upon receipt at the lab. Sample numbers and

associated analyses are presented in Table 4-15.

While lack of a signature by a laboratory representative breaks the
physical chain-of-custody it may be assumed samples were handled appropriately
and results are valid estimates for chemical concentrations on each sample.
This assumption of valid custody is possible due to laboratory practices which
include a picture of the samples as received and sample tracking in the
laboratory database. The laboratory database provides a valid means of

recording sample custody up through reporting of results and sample disposal.

Three samples were not analyzed as directed. These were samples

392, 393, and 354. These samples were collected again during field efforts.
Standard Methods

Standard methods were used for sample collection. Standard methods

used for chemical analysis were presented in Table 4-1.
Hold Times

Use of method-specified, standard, sample holding times controls
variability caused by samples being analyzed after constituents have partially
decomposed. Data regarding hold times (e.g., log data, date analyzed,
specified maximum hold time and actual day until analysis) are provided in
Table 6 in Appendix H. One sample was analyzed by Method 601 one day over the
hold time of 14 days. This was sample 017. Trip blanks 050, 081, 093, 114,
and 359, to be analyzed by Method 602, were analyzed between three and seven

days over the seven day hold time. This problem does not invalidate results
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TABLE 4-15. SAMPLES WITH UNSIGNED LABORATORY RECIPIENT
CHAIN-OF-CUSTODY

Sample ID Analysis Required
154 Chloride, Fluoride, TDS, NO;. OPO,, Metals
157 154 + MS
160 154 + MSD
163 Dissolved Metals, MS, MSD
168 Chloride, Fluoride, Sulfate, TDS
169 Nitrate, Orthophosphate
170 Total Metals
171 Dissolved Metals
174 Chloride, Fluoride, Sulfate, TDS
175 Chloride, Fluoride, Sulfate, TDS
176 Nitrate, Orthophosphate
177 Nitrate, Orthophosphate
178 Total Metals
179 Total Metals + Analytical Duplicate
180 Dissolved Metals
181 Dissolved Metals + Analytical Duplicate
354 Chloride, Fluoride, Sulfate, TDS
355 Nitrate, Orthophosphate
356 Total Metals
357 Dissolved Metals
358 Hydrocarbons
361 Chloride, Fluoride, Sulfate, TDS
362 Nitrate, Orthophosphate
363 Total Metals
364 Dissolved Metals
365 Hydrocarbons
367 Chloride, Fluoride, Sulfate, TDS
368 Nitrate, Orthophosphate
369 Total Metals
370 Dissolved Metals
371 Hydrocarbons
374 Chloride, Fluoride, Sulfate, TDS
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of these trip blanks. As noted in the ITIR, trip blanks to be analyzed by
Method 602 were not acid preserved. Because they were not acid preserved the
hold times were seven days instead of 14 days as for the acid preserved field
samples to be analyzed by Method 602. Trip blanks are used to identify
contamination during shipping or during storage in the laboratory. Samples to
be analyzed for purgeable aromatics by Method 602 are preserved to prevent
biological degradation of the analytes of interest during storage (i.e.,
beyond the normal seven day holding time). Biological activity will depend on
a number of factors, such as natural biological populations, concentration of
compounds, mix of compounds, etc. Therefore, the extent to which the in-
tegrity of a given sample may be compromised by not analyzing within the seven
day hold time for an unpreserved sample may vary. Historically, trip blanks
for Method 602 analyses were not preserved so that the trip blank could be
analyzed for Method 601 (where the sample is not acid preserved) or Method 602
as needed for a project. Since the preparation procedure for trip blanks
renders the water practically sterile, it is generally assumed that bacterial
populations will not expand to natural levels within 14 days and thus
biological activity is minimal. Therefore, the results of these trip blanks
are considered usable and provide information about potential shipping and
handling contamination. However, it is recognized that as a worst-case
situation the Method 602 results of these trip blanks may be falsely low
(i.e., a false-negative result) due to biological degradation. And, as such,
low-level concentrations in natural samples shipped with these trip blanks may
in fact be due to shipping contamination. Natural samples possibly affected

are:

. TB 050: 044, 051, 063, 069, 070,
. TB 093: 087, 094, 100,
. TB 11l4: 108, 115, 121, 127, 128, 129, 140.

No results are invalidated due to hold time violation.
Concentrations of compounds in natural matrix samples should be considered
suspect as a false-positive if less than the maximum concentrations depicted

in Table 4-9.
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4.2 Results of Ground-Water and Surface Water Analyses

Ground-water samples from thirty-five wells were collected during
April and May 1990 for laboratory analysis. Seven surface water samples were
also collected. Since contamination was previously found to exist only in
those wells screened in the Upper Zone Aquifer, all ground-water samples were
collected from Upper Zone monitor wells. Figure 4-1 depicts the locations of
all of the most recent water sampling sites at the Flightline Area. Each
sample was submitted to Radian's laboratories for analysis of the organic and
inorganic constituents listed in Table 4-16. Both organic and inorganic con-
stituents exceeding EPA drinking water standards (Maximum Contaminant Levels,
or MCLs) had been detected in the Flightline Area in past sampling efforts.
An Informal Technical Information Report (ITIR) with analytical summary
tables, QA/QC data, sample cross-reference tables and chain-of-custody forms
for the recent ground-water investigation at the Flightline Area was provided
to the U. S. Air Force HSD IRP Program Office in September 1990 (Radian
1990d). Following is a brief summary of the quality assurance/quality control

(QA/QC) results for most recent Carswell AFB ground-water sampling.

4.2.1 Ground-Water Contamination

As indicated in previous Flightline Area sampling efforts, TCE was
the principal contaminant detected which exceeded EPA primary standards. The
only other organic constituent found to exceed federal standards was vinyl
chloride. Two organic compounds were detected in ground water with con-
centrations exceeding EPAs MCLs; these included tetrachloroethene and cis-1,2-

dichloroethene.

Four inorganic compounds exceeded federal primary drinking water
standards in the most recent water sampling. Chromium was found in excess of
the respective MCL in three monitor wells. Lead, arsenic and mercury were

found in concentrations exceeding the respective MCLs in one well each.
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TABLE 4-16. SUMMARY LISTING OF ORGANIC AND INORGANIC ANALYTES,

FLIGHTLINE AREA, CARSWELL AFB, TEXAS

Inorganic Parameters

Organic Parameters Metals Non-Metals
1,1,1-Trichloroethane Aluminum Chloride
1,1,2,2-Tetrachloroethane Antimony Fluoride
1,1,2-Trichloroethane Arsenic Nitrate as N
1,1-Dichloroethane Barium Orthophosphate
1,1-Dichloroethene Beryllium Sulfate
1,2-Dichlorobenzene Boron Total Dissolved
1,2-Dichloroethane Cadmium Solids
1,2-Dichloropropane Calcium

1,3-Dichlorobenzene Chromium

1,4-Dichlorobenzene Cobalt

2-Chloroethylvinyl ether Copper

Bromodichloromethane Iron

Bromoform Lead

Bromomethane Magnesium

Carbon tetrachloride Manganese

Chlorobenzene Mercury

Chloroethane Molybdenum

Chloroform Nickel

Chloromethane Potassium

Dibromochloromethane Selenium

Methylene chloride Silicon

Tetrachloroethene Silver

Trichloroethene Sodium

Trichlorofluoromethane Strontium

Vinyl chloride Thallium

cis-1,2-Dichloroethene Vanadium

cis-1,3-Dichloropropene Zinc

trans-1,2-Dichloroethene
trans-1,3-Dichloropropene
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Contamination detected in the ground water of the Flightline Area
is limited to the Upper Zone Aquifer. The low permeability limestone of the
underlying Goodland/Walnut aquitard underlies the Upper Zone Aquifer. No
Flightline Area monitor wells are completed in the aquitard as past drilling
in the Goodland and Walnut Formations has shown the formations to be non-water
bearing. Ground-water samples from the Paluxy Aquifer, which underlies the
Goodland/Walnut aquitard in the Flightline Area, have had no detections of
contaminants. Therefore, the vertical extent of organic compound con-
tamination in the Flightline Area corresponds to the upper surface of the

Goodland/Walnut aquitard.

A detailed discussion of the pertinent organic and inorganic

constituents and ground-water quality indicators follows.

4.2.1.1 Organic Ground-Water Contaminants

Table 4-17 summarizes the findings of the laboratory analyses for
organic constituents in Flightline Area monitor wells, with respect to primary
drinking water standards (MCLs). TCE exceeded the MCL in 27 of the 35 wells

sampled. Vinyl chloride exceeded the MCL in seven wells.

Tetrachloroethene (PCE) was detected in a total of six wells, and
exceeded the MCLs in three wells. The proposed MCL for cis-1,2-dichloroethene
was exceeded in samples from 23 of the monitor wells in the Flightline Area.
This compound was detected in 30 of 35 wells in the Flightline Area. Trans-
1,2-dichloroethene, another isomer of dichloroethene, was also detected
frequently in the Flightline Area, but at significantly lower concentrations
than the cis- isomer. The MCLs (100 pg/L) for the trans- isomer was never

exceeded by Flightline Area water samples.

Following is a more detailed discussion of organic constituents

detected in the ground water of the Flightline Area.
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Trichloroethene

Figure 4-2 depicts an isoconcentration contour map of the trichlo-
roethene (TCE) plume as it was detected in the Spring, 1990 sampling effort in
the Flightline Area. The concentration of TCE in the ground water was
reported at maximum levels in monitor wells LFO04-4G and LF04-02, with detected
values of 4400 and 4000 micrograms per liter (ug/L), respectively. The
defined TCE plume has an aerial extent of approximately 50 acres, with most of
the contamination underlying the base golf course. The limits of the plume
are fairly well defined laterally, but not in the upgradient and downgradient
directions (the extreme eastern and western portions of the Flightline Area).
In the west, a concentration of 2700 ug/L was detected in monitor well LFO5-
01, with no accompanying upgradient well analyses to allow for contaminant
concentration contouring in the western direction. Detected concentrations of
1200 and 1300 ug/L TCE in monitor well LF05-5A and LFO05-5E, located hydraulic-
ally upgradient of Landfill 5 but with no near upgradient wells, prevents
definition of the TCE plume along that upgradient edge. The ground-water flow
direction (Figure 3-12) in the vicinity of monitor well LF05-01 is away from
wells LF05-5A and LF05-5E, suggesting that contaminant plume migration
deviates somewhat from the general ground-water flow pattern. Therefore, the
contamination observed in monitor well LF05-01 could be continuous with that
detected in LF05-5A and LF05-5E, but insufficient data from the intervening
area make such a correlation speculative. Evidence of "black staining" at
39.5 feet in the log of borehole LF05-15, located between wells LF05-01 and
LF05-5E, may be evidence of the TCE contamination being continuous between the
wells. The TCE plume appears to intersect Farmers Branch (Figure 4-2) in the

northeastern portion of the Flightline Area.

Figure 4-3 is a thickness map of the sand and gravel deposits in
the Flightline Area. The thick sand and gravel sequences evident on a east-
west linear trend through the Flightline Area are thought to represent a
paleochannel, which is the depositional remains of a former stream channel.
Past reports have suggested that, due to the greater density of TCE with
respect to water, coupled with the increase in available porosity and per-

meability, the contamination will tend to migrate preferentially along
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paleochannels filled with basal sands and gravels. When compared to the
isoconcentration map of the TCE plume (Figure 4-2) this preferential migration
is clearly evident, as the configuration of the plume and the zone of maximum
concentrations closely resembles the location and configuration of the
thickest Upper Zone sand and gravel sequences. Also of importance is the
pattern of the relatively thick sand and gravels on the western side of the
Flightline Area sites. Although data are sparse in the northwestern portion
of Figure 4-3, it appears the thicker sands and gravels might trend westward
on a line just south of LF05-01. The bedrock surface (Figure 3-3) is also
relatively low in the vicinity of LF05-01. Both of these situations make the
likelihood greater that contamination detected in monitor well LF05-01 is

continuous with that in wells LF05-5A and LF05-5E.

The center of the TCE plume appears to be bimodal and is located
hydraulically downgradient from Landfill 4, with TCE concentrations above 3000
pg/L covering an area of approximately 6.5 acres. The apex of the TCE plume
does appear to have shifted since the last ground-water sampling effort, which
took place in April 1988. Figure 4-4 represents an isoconcentration contour
map of the results of the April, 1988 ground-water sampling. By comparing the
plume shape and concentration distribution shown on the April, 1988 isoconcen-
tration map with that on the Spring, 1990 map, the plume appears to have
migrated in an easterly, hydraulically downgradient direction. In addition,
the maximum concentration observed between the two sampling efforts has
decreased, from 6400 ug/L in April 1988 to 4400 ug/L in the most recent
analysis. The potential significance of this decrease with respect to the
fate and transport of the contaminants in the ground water will be discussed
in Section 5 of this report. While the migration and degradation of the plume
is consistent with the physiologic and hydrogeologic setting of the Flightline
Area and the nature of the contaminant, some degree of analytical variability
is inherent between any two laboratory analyses occurring over time. Con-
tinued monitoring of the wells in the Flightline Area will be necessary to

confirm apparent trends in contaminant migration.

Multiple sources have been postulated for the organic contamination

found in the subsurface in the Flightline Area. The disposal methods and
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types of waste material believed to be present at Landfills 4 and 5 (LFO4 and
LF05) and the Waste Burial Area (WPO7) are consistent with the types and
amounts of contamination observed in downgradient wells. In addition, it is
reasonable to assume that infiltration of some residual flammable solvents
associated with the fire training activities at Site FT09 has occurred.
Repeated evidence of TCE contamination in monitor wells located hydraulically
upgradient of these sites indicates the existence of additional upgradient
source(s). In the 1990 sampling, TCE concentrations of 1300 pg/L and 1200
pg/L were detected in monitor wells LFO05-5E and LF05-5A, respectively, located
upgradient to Landfill 5.

Air Force Plant 4 has been identified in past reports (Radian,
1986; Radian, 1989) as the probable upgradient source, but limited well
control and lack of contemporaneous analytical data from the western and
northwestern Flightline Area preclude this interpretation. A TCE concentra-
tion of 2700 pg/L in monitor well LF05-01, in the extreme northwestern portion
of the Flightline Area (Figure 4-2) supports the existence of a significant
source to the northwest. Further evidence is provided by the contamination
detected around Site FTO8. Monitor well FT08-11B was found to contain 35 ug/L
TCE. While this well is downgradient to the site, no contamination was
detected in previous sampling efforts, and the site is not considered a

contributor to the main TCE plume.

Contamination in the subsurface associated with Site FT09 was not
considered associated with the primary TCE plume in the RI/FS Stage 2 report.
Evidence cited included the absence of ground water in boreholes beneath the
site and ground-water contamination being limited to monitor wells which
potentially receive runoff from the site. During the most recent inves-
tigation, TCE contamination was detected in each of the three wells at the
site, suggest that, whatever the actual source, the contamination can be
logically addressed along with the principal TCE plume for the purpose of this
report. As with the other Flightline Area sites, the contamination may have
resulted from activities conducted at the site, or may be from an upgradient

source.
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There is significant evidence of one or more upgradient, non-
Flightline Area source of TCE contamination in the shallow ground water. Some
increases in TCE concentrations in the ground water as it moves downgradient
through the Flightline Area are probably related to the historical variability
of detected TCE levels. However, the concentration distribution also suggests
wastes previously disposed of in the waste burial area and/or landfills are
contributing some additional component to the overall contaminant plume.

There is especially strong evidence of a TCE contribution from the waste
burial area (Site WP07) as the TCE concentration highs shown in Figure 4-2 are

located directly downgradient of the site.

Vinyl Chloride

Vinyl chloride was the second most dominant contaminant in the
Flightline Area, exceeding the MCLs in seven wells. Figure 4-5 illustrates an
isoconcentration map of the vinyl chloride concentrations in the Flightline
Area. Unlike the TCE plume, the vinyl chloride plume appears to be composed
of several smaller zones of contamination, with the principal area being

associated with Landfill 5.

Each of the wells in the main plume in which the vinyl chloride was
detected is immediately hydraulically downgradient of Site LFO05. The maximum
concentration of vinyl chloride detected in the Flightline Area was 170 ug/L
in monitor well LF05-5C. This well constitutes the apex of the main plume.
Lesser amounts were detected in LF05-5B and WP07-10C, with 160 ug/L and 49
pg/L, respectively. Vinyl chloride was also detected in this area in the
April, 1988 ground-water sampling effort. None of the sampled monitor wells
located hydraulically upgradient of Site LFO5 contained vinyl chloride,
suggesting Site LFOS5 is the source of the main Flightline Area vinyl chloride

plume.
Four additional wells contained vinyl chloride above the EPA MCL.

Well LFO04-4C contained vinyl chloride at 13 upg/L, which is a higher con-

centration than was detected in the April 1988 sampling, in which 3.8 ug/L was
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detected. This is the only well downgradient from Site LF04 in which vinyl
chloride has been detected. Vinyl chloride was also detected in LF05-01 (100
ug/L), and LF05-02 (6.2 ﬁg/L), again suggesting a contaminant source up-
gradient from the Flightline Area. Since vinyl chloride may be a primary
contaminant or one of the daughter products of TCE and multiple sources have
been postulated for the contaminants present in the Flightline Area, it is
difficult to pinpoint the exact source(s) of the vinyl chloride present in any
individual well. The chemical inter-relationship between vinyl chloride, TCE
and the other organic contaminants detected in the Flightline Area is dis-

cussed in Section 5.

Tetrachloroethene

The presence of tetrachloroethene (PCE) was confirmed in six
monitor wells in the Flightline Area. The EPA PMCL of 5.0 ug/L was exceeded
in three of these six wells. Due to the limited number of PCE detections in
the Flightline Area ground water, an isoconcentration map was not prepared.
Table 4-18 provides the laboratory results showing levels of PCE detected in

each of the six monitor wells.

Two of the three wells found to exceed the PMCL for PCE were at
Site FT09 (FT09-12B and FT09-12C). Monitor well FT09-12B had the highest
confirmed level of PCE at 30 ug/L. PCE was not detected at this site during
the April, 1988 sampling event. However, because PCE can be a precursor of
TCE, the PCE contamination detected in the Flightline Area is probably related
to the TCE and will be discussed in conjunction with the TCE plume in this

report.

Total-1,2-Dichloroethene

The presence of cis-1,2-dichloroethene (cis-1,2-DCE) was confirmed
in thirty monitor wells in the Flightline Area, with concentrations ranging
from 0.37 ug/L to 730 ug/L. Trans-1,2-dichloroethene (trans-1,2-DCE) was

confirmed in six wells, with concentrations ranging from 0.72 to 44.0 ug/L.
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TABLE 4-18. SUMMARY OF GROUND-WATER SAMPLES WITH CONFIRMED CONCENTRATIONS
OF TETRACHLOROETHENE, SPRING 1990, CARSWELL AFB, TEXAS

Well Number Tetrachloroethene Concentration (ug/L)
LFO4-4C 3.1
LF05-02 0.55
LF05-19 17.0
FT09-12B 30.0
FT09-12C 8.1
FT09-12E 0.82
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Trans-1,2-DCE was detected only in wells in which c¢is-1,2-DCE was also
detected. Because trans-1,2-DCE and cis-1,2-DCE are isomers, they will be

considered together as part of the total-1,2-DCE plume.

Figure 4-6 illustrates an isoconcentration contour map for 1,2-DCE
in the Flightline Area. As in the case of the TCE isoconcentration contour
map, the apex of the plume is bimodal. The two 1,2-DCE nodes are located
hydraulically downgradient of LFO04 and LFOS5, respectively, and each is of the
same relative magnitude of concentration. Further similarity to the TCE plume
includes a lack of definition in the eastern and western margins of the plume.
Monitor well LF05-01, in the extreme northwest portion of the Flightline Area,
had a detected level of 1,2-DCE of 240 ug/L. This level of contamination,
coupled with multiple confirmed detections of 1,2-DCE in wells immediately
upgradient from sites LF04 and LFO5, strongly support the presence of an
upgradient contamination source. A confirmed detection of 540 ug/L of 1,2-DCE
in monitor well LF04-04, in the southeastern portion of the Flightline Area,
again makes it impossible to enclose contaminant contours in that area with

confidence.

Other Organic Contaminants

Several other purgeable halocarbons were détected in the ground
water in the Flightline Area (Table 4-17). These include 1,1,1-trichloro-
ethane, 1,1-dichloroethane, 1,1-dichloroethene, 1,4 dichloro-benzene, chloro-
benzene, chloroethane, and methylene chloride. None of these compounds were

detected in levels exceeding current EPA standards.

4.2.1.2 Inorganic Ground-Water Constituents

Four inorganic constituents, arsenic, mercury, chromium and lead,
identified in the shallow Flightline Area ground water exceeded MCLs in
unfiltered samples. However, based on the nature of the metal occurrences,
they are not considered indicative of a ground-water contaminant problem at
the site. Following is a discussion of inorganic contaminants detected in the

shallow ground water of the Flightline Area.
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4.2.1.3 Metals

Total arsenic and mercury were each detected above MCL values in
unfiltered samples from single monitor wells in the Flightline Area. Table
4-19 shows the metals detected above MCLs. Total arsenic (MCL = 0.05 mg/L)
narrowly exceeded the limit (by 0.003 mg/L) in the well in which it was
detected (LF05-02). Total mercury exceeded the MCL by 0.0042 mg/L in FT09-
12D. Total Arsenic was detected in concentrations above the MCL in eight
monitor wells in the Flightline Area during the April 1988 sampling, but

mercury was not detected.

Total lead was found to exceed the MCL of 0.05 mg/L in two monitor
wells in the Spring 1990 sampling effort, as compared with total concentra-
tions above the MCL in eight wells in the April 1988 sampling. Total chromium
exceeded the MCL of 0.05 mg/L in three wells in the Spring 1990 sampling, as
compared with twelve in 1988. No two total metals concentrations were found
above established MCLs in the same well. The total lead contamination
detected in monitor wells LF05-01 and LF05-14 exceeded federal standards by a
maximum of 0.021 mg/L. Total chromium was detected at a maximum of 0.15 mg/L

above federal standards in monitor well FTO08-11A.

Figure 4-7 depicts the locations of the seven wells in which MCLs
for total metals were exceeded. The random distribution of the contaminants
makes delineation of a specific source difficult. Multiple man-made, as well
as natural sources are possible for the detected metal concentrations. In
general, the metal concentrations detected in Flightline Area wells were less
than those reported from previous sampling events. Metals such as cadmium and
barium, detected in several wells at total concentrations exceeding MCLs in
the April 1988 sampling event, were not detected at levels above MCLs in any

wells in the Spring 1990 sampling effort.
As stated above, no two metals were detected in excess of MCLs in

the same well. 1In addition, in each case where a MCL was exceeded, the

reported concentration was for total rather than dissolved metal. Total metal
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analyses are performed on unfiltered samples and as such may yield artificial-
ly elevated metal results, because fine suspended material in the unfiltered
sample can break down during sample acidification releasing additional metals
ions into the fluid medium. The dissolved metals analyses, performed on
field-filtered samples, are considered more representative of the actual
ground-water chemistry. 1In light of this, there is little evidence to support
the existence of metal contamination in the Flightline Area at this time. 1In
addition, the fact that a dissolved metal analysis was not performed during
earlier sampling efforts, suggests that the previous data on metal contamina-

tion in the Flightline Area are inconclusive.

4.2.1.4 Ground-Water Quality Indicators

Analysis of numerous anions and cations was performed on samples
from each monitor well in the Flightline Area to aid in the determination of

ground-water quality. These included:

. Calcium;

. Magnesium;
. Potassium;
. Sodium;

. Chloride; and

. Sulfate.

In addition, total dissolved solids (TDS) were analyzed. Table 4-20 lists the
averaged concentrations for each analyte by site (in the Flightline Area), as
well as the overall average for the entire Flightline Area, weighted by site.
Also, a range of concentrations for each analyte (except potassium) is
provided which is considered ‘'typical’ for Tarrant County (Texas Department of
Water Resources, 1982). Concentrations for each analyte are in milligrams per

liter.

At each site, calcium concentrations are elevated above the 'typ-

ical’ range. In contrast, sodium concentrations fall uniformly below the
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given range. This is considered normal in ground water moving through lime-
rich soils, such as those in the Flightline Area. All other ground-water
quality indicator concentrations fall within the given range except the
average chloride concentration in site FT09, which falls slightly below
normal. Of significance is that a pronounced uniformity is evident between
each of the sites in the Flightline Area, strongly suggesting an overall
aquifer continuity, and further implying that the contaminants in the subsur-

face beneath each site are likely a part of the same contiguous plume.

4.2.2 Surface Water

Seven surface water samples were collected from the locations shown
in Figure 4-8. Samples were collected from four locations along Farmers
Branch, one from the unnamed tributary to Farmers Branch, and one each from
the two small ponds near the golf course maintenance headquarters. Surface
water sampling sites were selected both to characterize the nature and extent
of surface water contamination and to determine the relationship, if any,
between surface water and ground-water contamination. Surface water samples

were also collected during the Phase II Stage 1 investigation (Radian, 1986).

4.2.2.1 Organic Contaminants

Table 4-21 summarizes the Spring, 1990 analytical results of
organic constituents in surface water samples, with comparison to federal
drinking water standards. Trichloroethene (TCE) was confirmed in all surface
water samples, with federal MCLs being exceeded at five locations. Confirmed
concentrations ranged from 1.8 ug/L at LF05-S3 to 1400 ug/L at LF05-S7. The
elevated concentration at site LF05-S7 strongly suggests communication between
the ground water and surface water at that location, as the concentration
detected falls within the TCE isoconcentration contours generated for the
ground-water analysis (Figure 4-2). Lower concentrations of TCE in samples
collected from the upstream portion of Farmers Branch appear to be the result
of an upgradient contaminant source. This is particularly evident at surface
water sample location LFO05-S1, which is located where the underground aqueduct

emerges following transporting Farmers Branch water under the runway area of
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Carswell AFB. Surface water at this location has yet to be influenced by any
Carswell AFB waste sites, as it is transported through a concrete conduit from
the vicinity of Air Force Plant 4. Any contamination in a sample from this
location is due to upgradient sources in the direction of Air Force Plant 4
further upstream. Surface water sampled at this location contained a TCE con-

centration of 39 ug/L, which is above the MCL of 5 ug/L.

TCE was also confirmed in the Phase II Stage 1 investigation. Two
rounds of samples were collected, with TCE being detected upgradient of Site
LFO4 in both rounds and immediately downgradient from Site LFO5 in the second
round (sampling points are shown on Figures 4-10 and 4-14 of the Stage 1
report (Radian, 1986)). No detected levels of TCE exceeded the MCL. No
relationship was established between surface water and ground-water TCE

concentrations during the Stage 1 study.

Vinyl chloride was the only other volatile organic compound detec-
ted in the surface water samples in excess of current MCLs during this
investigation. Vinyl chloride was detected in two samples from the golf
course ponds (LF05-S3 and LF05-S4). The MCL for vinyl chloride was exceeded
in LF05-S3 where a concentration of 3.7 ug/L was detected. Vinyl chloride was
detected at the two locations where the lowest levels of TCE was detected,
possibly suggesting a parent/daughter relationship. Vinyl chloride was also

detected in Stage 1 surface water samples.

The other volatile organic constituents confirmed at the surface
water locations during the Spring 1990 sampling event were cis- and trans-1,2-
dichloroethene (-DCE), which have MCLs. As in the case of the ground-water
samples, the cis-1,2-DCE isomer was more prevalent than the trans-1,2-DCE
isomer in surface water samples, with the cis- isomer occurring at each of the
seven sample locations. Concentrations of cis-1,2-DCE ranged from 3.1 ug/L to
310 pg/L. Trans-1,2-DCE was confirmed in samples from two surface water
locations, LF05-S2 and LF05-S3, with concentrations of 0.46 pg/L and 0.66
pg/L, respectively. As in the case of ground water, a direct correlation
appears to exist between TCE and cis-1,2-DCE concentrations and the occurrence

of each. Surface water sample LF05-S7 had the highest confirmed concentra-
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tions of both TCE (1400 ug/L) and cis-1,2-DCE (310 pg/L). The total-1,2-DCE
concentration detected at this sample location also falls within the total-
1,2-DCE isoconcentration contours generated for the ground-water analysis

(Figure 4-6).

4.2.2.2 Inorganic Constituents

No metals were detected in any surface water samples in excess of
MCLs. Barium was detected at each location, and lead was being detected at
all locations except LF05-S4 and LF05-S7. Arsenic was detected at LF05-S3.
The concentrations are not considered significant, since these metals were
commonly detected in levels below MCLs in the ground-water samples, and metals

are naturally occurring constituents.

Water quality indicators were analyzed in the surface water
samples. This was done both to assess the surface water quality and to
attempt to clarify surface water/ground-water relationships. Indicators

analyzed included:

. Total Dissolved Solids;
. Calcium;

. Magnesium;

. Potassium;

. Sodium;

. Chloride; and

. Sulfate.

Table 4-22 provides the averaged results for each of the water quality in-
dicators for the surface water samples, as well as a range of concentrations
for each analyte (except potassium) which are considered ‘typical’ for Tarrant
County. In addition, the weighted averaged results for the same indicators

are provided for the ground-water samples collected in the Flightline Area.
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Only sodium occurs outside the range provided for the indicators
analyzed, being considerably below what would be considered a ‘'normal’
concentration. This was also the case in the ground-water samples. The
similarity between the averaged surface water results and the averaged ground-
water results strongly supports the interrelationship of the two water
systems. This interrelationship has previously been discussed, and data
generated at the site shows the unnamed tributary to Farmers Branch to be an
influent stream in the Flightline Area. Only calcium differs slightly, with
an averaged concentration in the ground water of approximately 45 mg/L greater
than that of the surface water. This phenomenon is probably due to minor

differences in the alkalinity of the two systems.

4.3 Summary of Findings

The main findings of the Flightline Area investigation with respect

to the nature and extent of ground-water contamination are:

. Concentrations of TCE and vinyl chloride exceed MCLs in Upper

Zone monitor wells in the Flightline Area.

. Multiple sources, including Sites LF04, LF05, WPO7, FT09, and
Air Force Plant 4, have been postulated for the various or-

ganic contaminant plumes which occur in the Flightline Area.

. Some downgradient migration of the plume apex and a decrease
in total TCE concentration may have occurred since the monitor
well network was previously sampled in 1988. However, con-
tinued monitoring is necessary to verify this possible trend,
which could also be related by variability inherent in field

and laboratory procedures or seasonal conditions.

. The extreme western limit of the Flightline Area TCE plume is
as yet still undefined, but high levels of TCE and other
contaminants detected in wells far upgradient of any known

source areas or Carswell AFB strongly support the existence of
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additional upgradient source(s), potentially associated with
documented TCE contamination in Upper Zone ground water

beneath Air Force Plant 4.

The extreme eastern (downgradient) limit of the TCE plume in

the Upper Zone is also undefined.

The vertical extent of contamination in the Flightline Area

appears to correspond to the upper surface of the underlying
Goodland/Walnut aquitard based on limitfd analytical results.
Previous sampling of the two Paluxy Aquifer monitor wells did

not detect any contamination.

It is unlikely that any significant metals contamination
exists in the Upper Zone Aquifer of the Flightline Area, as no

dissolved metals concentrations exceeded MCLs.

Both TCE and vinyl chloride were detected in excess of MCLs in

surface water samples.

Based upon the similarity between ground-water and surface
water TCE concentrations, the unnamed tributary to Farmers

Branch appears to be a zone of ground-water discharge.

A pronounced similarity between surface water and ground-water
quality indicators (and other analytes) supports the existence

of zones of communication between the two water systems.

In addition to contaminant contributions from unidentified
upgradient source(s), the Flightline Area sites appear to be
releasing some additional volatile organic compounds (mainly
TCE, vinyl chloride, and 1,2-DCE) to the larger contaminant

plume.
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Further investigation is required in the area between the
Flightline Area sites and the upgradient source(s) to deter-
mine the relative contributions of each to Upper Zone ground-

water contamination in the Flightline Area.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to define the interrelationships
between the various contaminant plumes which exist in shallow (Upper Zone)
ground water in the Flightline Area, and to discuss their migration and
persistence. The transport and fate of contaminants in the Flightline Area
and the potential for off-site or off-base migration is a function of the

physical hydrogeologic conditions and the plume interrelationship.

Volatile organic contaminants found in both the ground water and
the surface water in the Flightline Area are the only hazardous waste con-
stituents having a potential for off-site or off-base migration at levels of
concern. No dissolved concentrations of inorganic constituents, specifically
metals, were identified in the ground water at levels exceeding federal
primary drinking water standards. Risk assessments were performed earlier
during the Phase II Stage 2 investigation, however these focused principally

on airborne hazards.

— X< The ground-water contaminant plume in the Flightline Area is best
described in terms of trichloroethene (TCE) —As=<statwd=—im—Sectieon-4, TCE is
the principal contaminant at the site, with detected concentrations of up to
4400 pg/L and exceeding EPA's MCL (5 upg/L) in 27 wells. Other contaminants
which are less widely distributed or occur in lower concentrations within the
main Flightline Area plume include vinyl chloride, cis- and trans-1,2-di-

chloroethene, tetrachloroethene, and several other volatile organic halocarbon

compounds.
5.1 Contaminant Persistence and Transformation
5.1.1 Background and Theory

The fate and persistence of the volatile organic contaminant plume
in the Flightline Area is controlled by processes such as convection, con-
taminant adsorption and desorption on soil matrices, diffusion and dispersion,

chemical and biological degradation, and volatilization and subsequent
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resorption. Additionally, the nature of the contributing source(s), with
regard to initial concentration and availability of contaminants, affects both

fate and transport.

Diffusion and dispersion are chemical and mechanical processes
whereby a contaminant tends to spread from the expected direction of transport
governed by ground-water flow patterns. Diffusion depends on concentration
gradients, and causes compounds to spread in the direction of lower concentra-
tions. Dispersion is a function of mechanical transport, where physical
mixing of the fluid media due to drag effects and pore channel tortuosity tend
to cause some lateral solute spreading. Both of these phenomena contribute to
dilution of specific contaminants within the body of the plume, but also
result in the enlargement of the plume. Thus, these phenomena are factors in

contaminant persistence and apparent retardation during transport.

Adsorption and desorption of a solute can be significant factors
affecting the fate and transport of many types of contaminants. Compounds
that are readily adsorbed onto grains of the aquifer material, and not readily
desorbed are removed from the ground-water system and are not available for
transport. Chemical partitioning by sorption can reduce effective transport
by up to 100 percent. However, TCE is classified as a ‘mobile’ solute based
upon its relatively low affinity to adhere to particles in the solid matrix.

This classification is based on mobility, the value K;, from the equation:

ag

a,

where:

~
a
]

the soil-water distribution coefficient;
a, = the activity of the solute in the soil matrix; ‘and

the activity of the solute in the aqueous phase.

£
[

Mobility classes range from ‘immobile’ to ‘very mobile’, with TCE being in the
second most mobile class out of five possible classes. In terms of solute
transport, TCE has a higher activity in the aqueous phase, and hence will tend
to both adsorb and desorb from soil grains with relative uniformity. Conse-

quently TCE (and related daughter products) have a capacity for transport

5-2




w3 171

which is only slightly retarded with respect to that due to the flow of ground
water. .

Mobility (K,;) is also a function of the concentrations of available
solute, as the chemical activity of a solute will fluctuate based upon the
chemical saturation of the parent media. One method of estimating K; is based
on site specific knowledge of TCE concentrations in the solid and aqueous
phases. For the purpose of this report, TCE will be simply treated as a
mobile solute, with adsorption and desorption being a factor in transport

retardation.

As in the case of adsorption and desorption, TCE and other organic
compounds may volatilize during transport and then be resorbed back into the
aqueous phase. Chlorinated solvents are volatile compounds. Resorption of
compounds following volatilization is based upon their ability to be adsorbed
onto soil grains in the unsaturated zone and then be resorbed back into the
ground water during periods of ground-water level fluctuation. Some com-
pounds, such as 1,2-DCE and vinyl chloride, have low sorption coefficients,
and consequently might be permanently removed from the ground-water system
following volatilization. Because TCE is considered volatile and sorptive,
some portion of the volatilized compound could re-enter the ground-water
system during potentiometric (water level) rises. However, since the Upper
Zone water table in the Flightline Area has not fluctuated significantly since
1985 when potentiometric surveys began, volatilization may possibly cause
permanent removal of organic compounds from the ground water and therefore be
a contributing factor in transport retardation. The degree of significance of

this phenomenon is not known at the present time.

Chemical and biological degradation of the organic compounds in the
Upper Zone ground water are potentially important factors in transport
retardation in the Flightline Area. Tetrachlorcethene (PCE), trichloroethene
(TCE), cis- and trans-1,2-dichloroethene and vinyl chloride are all related by
the chemical process of hydrogenolysis. From this reaction, PCE is broken

down into a series of daughter products, ultimately yielding carbon dioxide
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and water. This process is very common in nature, and may be biologically

driven, as a form of biodegradation.

Figure 5-1 provides a summary of the three chemical and biological
transformation pathways for the four principal organic contaminants in the
Flightline Area. It is noteworthy that the half-lives for these pathways vary
from tens of days to two to three years, and the pathway to cis-1,2-DCE is
generally favored. Since TCE and PCE formerly were both widely used in-
dustrial solvents, some amount of TCE is probably from a primary source. It
is doubtful that the sole source of TCE detected in the Flightline Area is
from the breakdown of PCE. However, with the limited amount of PCE detected,
either a significant portion of the original concentration of this solvent has
broken down into TCE or related daughter products, or the original volume of

PCE was much lower than TCE.

5.1.2 Flightline Area (Golf Course) Data

Figures 5-2, 5-3 and 5-4 present the isoconcentration maps gen-
erated for TCE, 1,2-DCE and vinyl chloride, respectively. This discussion of
fate and transport of the ground-water contaminant plume does not consider the
data north of the Farmers Branch underground aqueduct. There is insufficient
lithologic and hydrogeologic data from the area between monitor well LF05-01
(to the north) and monitor wells LF05-5A and LFO5-5E (to the south) to make a

plausible interpretation of contaminant relationship between the areas.

Based on the previous discussion and the knoﬁledge that 1,2-DCE and
vinyl chloride are not known to be used at the base, it is reasoned that the
presence of 1,2-DCE and vinyl chloride are the result of the chemical and bio-
logical breakdown of TCE. By comparing the zones of highest concentrations in
these three plumes, some scenarios can be suggested regarding the timing and

continuity of the contaminant sources. Reviewing the figures:
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—= Hydrogenolysis*

Clvc‘

Ci

Cl

i H
" v " i \_/ ¢l v :
/ch_E\ e N 1,1DCE
Cl \Cl\ Cl tDCE H ,H/ Cl
" ¥'/ "
Y
i \'_/ i
H d H
PCE - tetrachloroethene « A reduction reaction in which a carbon-—
TCE - trichioroethene halogen bond is broken and hydrogen
cOCE - cis—1,2—dichloroethene replaces the ncicgen substituent.
tOCE - trans-—1,2-dichloroethene
i, 1DCE— 1,1—dichloroethene
VC = vinyl chloride 2
2 - ethene ) 8
Source: Voagel, Criddle and McCartv, 1987 o
Figure 5-1. Potential Degradation Products and Reaction Mechanisms

for Reduction of Chlorinated Ethanes and Ethylenes
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. During the Spring 1990 ground-water sampling, the apex of the
TCE plume (Figure 5-2) was centered along White Settlement
Road, roughly hydraulically downgradient from Landfill 4 (Site
LF04);

. A small irregular area of elevated TCE concentrations (Figure
5-2) is present around monitor well LF05-14, downgradient from
Landfill 5 (Site LF05);

¢« - The 1,2-DCE (Figure 5-3) plume has highest concentrations
immediately downgradient from Sites LF05 and LFO4, with grad-
ually decreasing concentrations downgradient of both land-

fills; and

. Finally, vinyl chloride (Figure 5-4) is present almost ex-

clusively hydraulically downgradient of Site LFOS5.

If 1,2-DCE and vinyl chloride concentrations detected in the ground
water are directly the result of TCE degradation, then a comparison of the
locations and concentration distributions within the plumes suggests an
earlier introduction of TCE from Site LFO05 into shallow ground water, with
significant degradation to 1,2-DCE and vinyl chloride having occurred, and a
later release from Site LFO4, where time has allowed only degradation to 1,2-
DCE to occur. Furthermore, the overall release of contaminants from Site LF04
may have decreased somewhat with time, as concentrations of TCE immediately

downgradient from Site LF04 were lower than in the previous sampling in April
1988.

The fact that cis-1,2-DCE is favored in the chemical breakdown of
TCE supports the hypothesis that all of the 1,2-DCE present in the Flightline
Area results from TCE degradation. As stated earlier, cis-1,2-DCE is present
in concentrations far exceeding trans-1,2-DCE, and the compound was detected
in five times as many wells. This would be expected if the two compounds were
daughter products of TCE, as the breakdown pathways of TCE to trans-1,2-DCE or

1,1-DCE are considered minor. However, all of the interpretations in this
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section are speculative. Review of the historical ground-water chemical data
from the Flightline Area indicates considerable variability in concentrations
of volatile organic compounds over short periods (i.e., between monthly
sampling rounds). These fluctuations are unlikely to be related to longer-

term degradation patterns.

5.2 Contaminant Migration Pathways

Ground water and surface water at the Flightline Area appear to be
in hydraulic communication, based on results of synoptic water level measure-
ments, and supported by chemical analyses from surface-water and ground-water
samples. The water quality indicator compounds in each system were similar,
and the detected contaminants occurred in similar proportions. Ground-water
contaminants TCE and 1,2-DCE were also detected in each surface-water sample.
In addition, as discussed in Section 4, the concentrations of TCE and 1,2-DCE
detected at surface-water sampling points were consistent with contaminant
concentrations at nearby ground water sampling locations. These correlations
support hydraulic connection between ground water and surface-water systems.
Furthermore it is apparent that the tributary to Farmers Branch is a point of
ground-water discharge which ultimately contributes contaminated water to
Farmers Branch. To simplify the discussion of contaminant transport, the
migration of the contaminant plume will be described individually in terms of

the ground-water and surface-water systems.

5.2.1 Transport in Ground Water

Comparison of Figures 5-2 (Spring 1990) and 5-5 (April 1988)
showing TCE concentrations in ground water suggests that some migration of the
TCE plume has occurred. Recognizing that the interpreted isoconcentration
contours can partially reflect sampling and analytical variabilities, the apex
of the plume, once centered on monitor well WP0O7-10B, is now centered between
monitor wells LFO4-4G and LF04-02. If this change is attributed to advection,

it represents a migration distance of dissolved TCE of approximately 550 feet.

5-10



W3 179

sex9] ‘g4v 1Iamsaen
‘eaay aurTaydi(d ‘Buitdwes ieizem-punois esuoz 1addp ggeT
11ady wox3y suoijzeajuscuo) F51 jo del Inojuon UOIIBIIUIOUOD0SI ¢-§ iandig

9L€L9

HOIAVREOANOD

£

1334
o p— —)
gr-vo4 00y 00C O
P :
7 (8861 Iudy) 1/6n
aN ¢ 'Jnojuo) uoljoAjuUsdU0) J)| =—000§-——
ey 7, 5176041 pa31o8)s( 1ON=0N
M R N 1/6n “Jononusouon 301 008
\\ oot o998 Q\S\\M (821-6011 60.Ld uot}0907
qr-v0i1® OSSN e Buidwos [|om J0juol e
00€E OO # ® - . H
\\ wr-von 90 $04 2 az1-60L4 -
3r-r83 : \.\sm -0

xf <\ 016

\ ONC T NN Y 3c-soi
. 00€€ N ~00ps
R CUE N > _ ,_.«ommioﬂ/_
.0dM o0z 3
JS-5041 z
1] %
0001 / 3
96-5041 ; / S
/QQQQ "
R 05 -5041
B .oa 4, ~ ,.
» QO«Q aN
$pUOH 85-5041 : anN
. e 811-8014
Y > N
QD voud
ON"
. ON v QZDQNG&N
Vii-8013 Jona3nd
Q4
a\b&\Q . N 4
. | P o HLYON

5-11




w3 430

Data generated from Upper Zone Aquifer pump testing, performed in
June 1990, and water-level data suggest the average ground-water flow rate in
the Upper Zone is approximately 9 feet per day. This is based on a hydraulic
conductivity of 785 feet/day and an hydraulic gradient of 0.0035. Since the
hydraulic conductivity derived from aquifer testing falls in the suggested
range for clean sands to gravels (Freeze and Cherry, 1979), a porosity of 30%
was assumed. The estimate for the average ground-water flow velocity is

derived from a simplification of Darcy's Law:

Ki
v =
P
where: v = average ground-water flow velocity

~
]

hydraulic conductivity of Upper Zone Aquifer

(average 2.8 x 107! cm/sec or 785 feet/day),

i

¢

hydraulic gradient (0.0035) in the Upper Zone; and

estimated porosity of the Upper Zone deposits (0.30).

By comparing this flow velocity with the apparent change in the position of
the TCE plume after slightly more than two years, the plume appears to be
migrating at a rate of less than 1 foot per year, or an order of magnitude
slower than ground-water flow. This is not unusual based upon the physical,
chemical and biological factors which affect the solute mobility with respect

to ground water, as previously discussed in Section 5.1.

The main contaminant plume appears to be migrating in a direction
which is generally consistent with the direction of ground-water flow. Figure
5-6 shows a potentiometric surface map generated from the June 1990 water
level survey, with the corresponding ground-water flow directions indicated.
The dominant direction of migration closely follows the orientation of the
thickest accumulation of sand and gravel in the Flightline Area (Figure 5-7).
A comparison of the sand and gravel isopach map with the recent TCE plume map
(Figure 5-2) clearly indicates that plume migration may be preferentially
influenced by the increased porosity and hydraulic conductivity of the sand

and gravel interval.
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